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two antihistaminics effective in allergies 


PYRIBENZAMINE 
ANTISTINE 


“. .. a trial of both drugs 
increased the total percentage 


obtaining symptomatic relief to 


90.2 per cent.”” 


Both Pyribenzamine and Anustine are etective antihistaminics and 


both are relatively tree of side reactions. 


A trial of these two drugs, determining which is most effective for the 
individual patient, will produce a far higher percentage of cases 


relieved than is possible with any single antuhistamunic. 


ven in vasomotor rhinitis (one of the more retractory conditions ) this 
method has relieved go.2 per cent of patients." This tar Surpasses 
any previously reported response Lo antihistaminic therapy. 


1. FRIEDLAENDER and FRIEDLAENDER: sinn, of Allergy, 6: 23, 1948. 


ISSUED: PyripeENzamMint — Scored Tablets,” 50 mg. 


Delayed Action Vablets,f 50 mg.; Elixir,* 5 mg. per ce. 


Ointment? and Cream,t 2%. 





\NTISTINE 1 — Scored Tablets, 100 mg. 


Ophthalmic Solution, 0.5%. 


Council-accepted 
t Not Council-accepted 


a 
CI ba PHARMACEUTICAL PRODUCTS, INC., SUMMIT, N. J. 
PYRIBENZAMINE (brand of tripelennamine) Vrade Mark Reg. U.S. Pat. Office 
ANTISTINE (brand of phenazoline) ‘Trade Mark 
2 /1375M 
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B-P 
SURGICAL KNIFE HANDLES 











Outstanding tor their durable fabrica- 


tion and capacity to accurately and firmly 






fitevery B-P Blade, their combined qual- 






ities of practical design, balance and 





finish are as distinctly individual as a 















fingerprint. 

Genuine B-P Handles may be readily 
distinguished by the Gothic Arch pattern 
of the distal ends . . . a time-conserving 
tid in blunt dissection. As quality prod- 


ucts, they are built for long periods of 


\ ~atisfactory service ,,, designed to resist 
\ the damaging effects of hard, constant 


\ use. In the end, more economical by far. 


€ 


AVAILABLE PATTERNS INCLUDE— 
Nos. 3. 4 and 7 For general surgical use \ 


¢ \ ; 
Nos i and 1] | longated h indle s lol deep \ J ee. ‘eo 
SUPZery 
No. SLA An offset. elongated handle tor q 
use in hysterectomies . 
No. ¥ \ small. finely balanced handk 
for ophthalmic. plastic and \ 
minor surgical use \ ; . 
a, \ 


ish your dealer 








BARD-PARKEB COMPANY. INC, - 


Danbury. Connecticut 





ee || 
A BAROD-=-PAIRIKIER PRODUCT 
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PROLONGED-ACTION PENICILLIN 
FOR AQUEOUS INJECTION...ONCE DAILY 


/ | // , 
Yo Procame Peniciitin G tor Aqueous Injection 


Offering all the advantages of prolonged-action penici!lin without the disadvantages of 
the preparations hitherto available. For use in any condition in which penicillin in oil 


and wax is indicated. 


ONE DALLY An intramuscular iniection of 300.000 units of an aqueous suspension 

INJ ECTION of CRYSTICILLIN provides therapeutic blood levels for 24 hours in the 
majority of patients — and for 36 hours in approximately 5067 of patients. 

MINIMAL CRYSTICILLIN contains no OIL or WAX. Consequently, pain following intra- 

PAI muscular injection is minimal 

EASILY CRYSTICILLIN is easily administered in aqueous suspension with a con- 


ADMIN ISTERED ventional svringe and needle. neither of which need be dry. Blockage of 


needle is minimized and cleansing facilitated. 


STABLE CRYSTICILLIN is stable in the dry state for 12 months. Sterile aqueous sus- 


WITHOUT pension may be kept at room temperature for a period of one week without 
R EERIGER AT LON significant loss of poteney, 


CRYSTICILLIN is supplied in diaphragm-capped vials containing dry procaine penicillin 
G together with a minute quantity of effective and nontoxic dispersing and stabilizing 


agents — for suspension with sterile aqueous diluent. 


500.000 unit multiple-dose vials 


300,000 unit single-dose vials 


SQUIBB A LEADER IN PENICILLIN RESEARCH AND MANUFACTURE 
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INSTRUMENTS OF AUTHENTIC DESIGN 
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The instruments shown above are typical * ENED 

of the large number designed by leading Sy AL 
surgeons for operative or diagnostic CHR 

use in the field of general surgery, and made by ¥ 


Pilling craftsmen. No finer instruments are obtainable 


A. P12498 Babcock Needle Holder; D. P20667 Rock Endometrial 


useful with wire sutures. Curette. { 
B. P13670 Babcock Sump Drains, E. P20912 Wilson Amniotic 

Stainless Steel. Trochar. 
C. P18282 Rectal Retractor, F. P21322 Douglas Measuring 


T. Chittenden Hill. Plate. 





Order Pilling instruments direct, 





or write for further information to: 
GEORGE P. PILLING & SON CO. 
3451 Walnut Street 
Philadelphia 4 ’ ee 
: A Standing Invitation: 
e INSTRUMENTS @y- When in Philadelphia, visit our 


new salesrooms. Free parking 


am . on our private lot, 
tilling - dns. 
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PILLING FOR PERFECTION in surgical instruments 
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These non-boilable sutures are an essential part of the 








armamentarium of the surgeon who specializes in gastro- 
intestinal procedures. Especially prepared with swaged-on Atraumatic® 
needles and combining extreme flexibility with exceptional tensile 
strength, they represent the latest advances in the preparation of 
non-boilable catgut. The range of sizes, from 5-0 to 1, plus the 
several available varieties of swaged-on Atraumatic needles, 
provides a comprehensive group developed in collaboration with 
recognized authorities in gastro-intestinal surgery. To meet the 
increasing trend toward finer sizes of catgut in this type of surgery, 
D&G provides Fine-Gauge medium chromic catgut, armed with 


swaged-on Atraumatic needles and available in sizes 4-0 to 5-0. 


DAVIS & GECK, INC. 


BROOKLYN 1, NEW YORK 


Registered Trade-mark 
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ALEXANDER READ (1586-1641)—This British surgeon was widely 
known for his experimental investigation as well as for his 
systematic and learned writing on surgical subjects. He de- 
scribes three contemporary suturing methods—the use in 
extensive wounds of a continuous suture or an interrupted 
suture, and “‘dry suturing”, in which glued strips of plaster 
or cloth were used to approximate skin edges. A quick and 
skilful surgeon, he made effective use of whatever instruments 
were available at a time when surgical ingenuity was of the 
utmost importance. Typical was his successful use of a 





“joiner’s tooth saw” in an emergency amputation of the leg. 





When a soft, pliable, fine diameter suture is required, the choice is 





Champion DERMAL. Product of an exclusive Gudebrod processing, 
Champion DERMAL SUTURES are easily tied, knots do not slip, and 
the suture will not crack or fray in use. Pain on removal is minimized 
because the suture does not adhere to skin or tissue. 

Instantly available because they require no preparation prior to use, 
Champion DERMAL sutures are ideal for use in the emergency room, 


industrial clinic, or private office. 





Champion 
DERMAL Sutures 


Available through leading surgical supply dealers, 


>) od OF 











GUDEBROD BROTHERS SILK CO., INC. 
225 West 34th Street, New York 1, N. Y. 
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sterule. ready for b 


re nurse as needed. Tu be S are 


en?lvo sul 


upply always assured for unexnected needs. 


Another First for Ethicon! 


STERILE PACK SUTURES 


Sterile Pack provides both new convenience and 


© Here is the greatest advance in suture handling 


since elass tubes. 


Sterile Pack guarantees that the exteriors of 
Ethicon standard tube sutures are sterile. It defi- 
nitely removes one of the major hazards, always 
present, when tube exteriors are cleansed and 
sterilized by hand-controlled methods. 


Ethicon Sterile Pack Sutures—supplied in Non- 
Boilable Standard Tubes. sizes 000 to 2. both 
Plain and Medium Chromic. are now available to 
all hospitals. They have been in continuous use 
in several hundred hospitals for a vear. Their ac- 
ceptance by both the hospital administrative per- 
sonnel and the surgical staff has far exceeded our 
expectations, 


enuine economy for the hospital. For the sur- 
ceon. Sterile Pack gives added assurance of su- 


ture sterility in end use. 


Hermetically-sealed metal canisters contain 6 
dozen Standard Tubes of Ethicon Non-Boilable 
Surgical Gut. U.S.P.. 
fluid. 


immersed in sterile storage 


Sterile Pack canisters bear two bacteriological 
test numbers. one for the sterility test of the in- 
terior of the tubes and one for the test for sterility 
of the exterior of the tubes. 

Only Ethicon Surgical Gut. famous for superior 
~treneth. pliabilitvy and uniformity of gauge. is 
available in Sterile Pack canisters. 


ETHICON 


ETHICON SUTURE 
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COURTESY AMERICAN COLLEGE OF SURGEONS 


Js ca hey » WK 


873-1948 


FROM THE PAINTING BY JULIAN LAMAR 


Master Genito-urinary Surgeon and Teacher: Pro- of National Defense, 1917-1918: Major. Medical 
fessor of Genito-surgery, New York Postgraduate Reserve Corps, World War I; A Founder. Life Mem 
Medical School, 1909-1924, also director; Professor ber and Regent, American College of Surgeons, 
of Urology, ( olumbia [ niversity, College of Physi President, 1932-1933: President. American | rologi 
cians and Surgeons, 1917-1939, later Emeritus Pro- cal Association, 1913; President, American Asso 
fessor: Director, Squier Urological Clinic. ciation of Genito-urinary Surgeons, 1919-1920: Au 
Member, General Medical Board of the Council thor of Articles and Books on Urologic Subjects. 


From the Series, Great American Surgeons, Published by 


ETHICON SUTURE LABORATORIES, DIVISION OF JOHNSON & JOHNSON, NEW BRUNSWICK, N. J. 





“I'll want Atraloc 4-0 chromic for the anastomosis, 


2-0 plain for the peritoneum, 0 chromic for fascia and silk 


for the skin. Make sure they are all Ethicon.” 








"Make sure they’re all Ethi : 


When you tell the float nurse what sutures 
you want, assure yourself of superior quality 
by adding, “and make sure they're all 
Ethicon.” 


strength in Ethicon’s new Bonded Catgut. 


Throughout the entire strand you are as- 
sured uniformity of diameter through Ethi- 


as con's exclusive Tru-Gauging Process. 
rhen, when you are ready to ligate or waht 
suture, the suture nurse will have ready for ‘a shia 
ee ; ia Throughout the full diameter you get thor- 
you Ethicon’s new Bonded Catgut. This new ie + 
‘ é ough. even chrome deposition and controlled 
strand is the result of post-war research in Aine ie 4 
ag digestion. the result of Ethicon’s exclusive 
our laboratories. Its built-in tensile strength = 4, ° ond : 
ores lru-Chromicizing Process. 
is up to 30°C greater than in sutures pre- 
viously produced. a 
Throughout the strand you get uniform 


Throughout the length of the strand you pliability. contributing to easy pull through 


have the advantage of this 30% greater tissue and trouble-free tying of knots. 


Your assurance of 30% greater strength 
...- proved by Ethicon’s daily tests 


ee, ga eral oe Pee ee Be maaan Pe 
uaPmtetiatle Here | ts radand! Whores! 656 _ ve he Andon! Wifer| AF _ 
SEEESSEEE SEES ESSE EE Here’s the mechanically-recorded pee 
laboratory proof of Increased Ten- 
sile Strength in Ethicon’s New 
Bonded Catgut. 
These tensilgrams are actual daily 
strength tests given each lot of su- 
tures. Horizontal] red lines at numer- 
al 3 mark U.S.P. requirements for 
Knot-Pull Strength on Size 00, Non- 
Boilable Catgut. 
Red curves show breaking points. 
Up to 30% greater strength and uni- 
formity of strength are strikingly 
demonstrated, Note close grouping 
of breaking points, which indicates 
uniformity of product from strand 
to strand. 
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FORMER PRODUCTION CURRENT PRODUCTION 
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SUPERIOR IN THOSE QUALITIES IMPORTANT TO THE SURGEON 




















silk 

and 
cotton 
sutures | 


SILK—Prepared especially for the meticulous 
demands of the silk technic. You get more in- 
trinsic strength and minimal tissue reaction 
with Ethicon’s Tru-Formed Black Braided Silk 
Sutures. 

Ethicon Silk forms smooth. firm knots. It 
has minimal adherence to tissue. 

Ethicon Silk is non-capillary, serum-proof, 


non-toxic, and strictly U.S.P. gauge. 


Ask your O.R. Supervisor for Ethicon Silk. 


COTTON — Ethicon Cotton, U.S.P.. is the cul- 
mination of exhaustive laboratory and clinical 
study. It is specially prepared from imported 
100% Egyptian long staple fiber. No talcum 
powder, harsh fillers, or harmful dyes are 


used. It is free from lint and irregularities. 


Tensile strength is 10% to 30 greater than 
ordinary cotton. Sizes are U.S.P.: 5-0, 4-0, 3-0, 
2-0, 0, | and 2. If you are a cotton man, try 


Ethicon Twisted Cotton. 


ETHICON 
Suture Y Se 





For surface infections 


Mig) LIN 
UES: VA 


"ROFURAZONE) | 


yf 


Attn; 
ES AVAILABLE TO PHYSIC 


Le frofure infected grufling 


Furacin Soluble Dressing has been commended by several clinicians.* Furacin is also being used successfully 
to treat infected edges of skin grafts and to prevent infection of areas remaining uncovered after grafting. 
Furacin N.N.R., brand of nitrofurazone, is available as Furacin Soluble Dressing and as Furacin Solution, both 
containing 0.2 per cent Furacin.® These preparations are indicated for topical application in the prophylaxis and 
treatment of infections of wounds, second and third degree burns, cutaneous ulcers, pyodermas and skin grafts. 


NER ah CORRE, EATON LABORATORIES, INC., NORWICH,.N.Y. 


*Curtis, L.: Surg. Clin. N. America 1466 (Dec.) 1947. ® Shipley, E. R. and Dodd, M. C.: Surg., Gynec, & Obst. 84 :366, 
1947, ¢ Snyder, M. L., Kiehn, C. L. and Christopherson, J. W.: Mil. Surgeon, 97 :380, 1945, 
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THE GLOVED HAND 


Surface asepsts on the part of lhe surgeon ts 

allained after the usual “serub up” and the donning 
of slerile mask, Gown, and rubber gloves. kor lhe 
patient, Tincture *Merthiolale’ (Sodium Ethyl Mercurt 
Thiosalicylate, Lilly) offers an efficient surface 
germicidal action which ts enhanced because 
*Verthiolate’ ts compatible with defalling agents 


and does nol coagulate tissue proteins. 


The toxicity of “Merthtolale’ ts extremely low. 
Prolonged baclertostalte effect ts assured without 
lissue urrilation or interference with the nalural bods 
defense mechanisms. This added protection ts 
avaulable with no sacrifice to germicidal efficacy 


Merthioiate, an excellent many-purpose antiseptic, 


is available as: 


‘Merthiolate’ Tincture 1:1,000 
Merthiolate’ Solution 1:1,000 
‘Merthiolate’ Jelly 1:1,000 
‘Merthiolate’ Ophthalmic Ointment 1:5,000 
‘Merthiolate’ Suppositories . 1:1,000 


ELL LILLY AND COMPANY 


INDIANAPOLIS 0, INDIANA, U.S.A. 
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Original Communications 
Society of University Surgeons 


THE POSTWAR TRENDS IN THE TRAINING OF THEE 
GENERAL SURGEON 


Robert M. Zourincer, M.D. ConumBus, Onto 


Hit trend toward specialization whieh started lone before World War TI 

has been carried to greater lengths in this country than in any other, and 
the diminishing ranks of the general practitioner are a current theme of both 
lav and medical press. Many of these articles point out the paucity not only 
of the practitioner of general medicine but of general sureery as well, especialls 
as the situation apples to the smaller communities. In these days of intensive 
specialization by anatomic system, will there continue to be a need for the 


) 


so-called general surgeon? The general surgeon notes the areas of the anatomy 


allotted to the various surgieal specialties, and wonders if the future will elimi- 
nate his field altogether. Does the scope of the general surgeon include, as some 
have defined it, the abdomen only, excludine the pelvic oOVreals, the breast. front 
of the neek, and the soft tissues of the trunk and extremities? Actually, there 
isa tendeney to limit his activities principally to the gastrointestinal traet, and 
even this system is partially included in the specialty of proctology, whieh has 
staked out its claim to inelude the entire colon, 

It is apparent that the scope of education of the general surgeon of the 
future requires serious consideration, This is a challenging problem for those 
interested in graduate training, and it has a direet bearing on the adequacy of 
medical care. Such factors may play a more significant role in the future than 
is generally recognized in arguments for federalized medicine. 

The purpose of these remarks is in no sense to eritieize or bemoan. the 
present situation as it applies to the general surgeon. It is desired rather to 
point out some of the difficulties encountered in setting up the trainine programs 
for the young general surgeon; to analyze the postwar trends followed in some 
of the leading teaching centers over the country; and to indicate the type of 
training which the majority of teachers of surgery believe essential. An attempt 
will be made to determine how current graduate teaching fits the needs of the 


Presidential address at the meeting of the Society of University Surgeons, New Orleans, 
La., Jan. 29-31, 1948. 
*Professor and Chairman, Department of Surgery, Ohio State University College of 


Medicine. 
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practicing general surgeon. We can reach no conelusions which the immediate 
future might not alter, but perhaps a discussion of the situation as it exists 
today might help to plan more effectively for tomorrow. 

The urgencies of war telescoped and disrupted the resident training pro- 
erams, and since the war the influx of returning veterans desiring further work 
leading to Board certification has resulted in a confused educational picture 
throughout the country. It is difficult to determine from the various published 
data the details of trainine offered at the present time. In order to procure 
information which might prove of value to those interested in the development 
of general surgeons, the following surveys were made: 

First, a questionnaire was submitted to the chiefs of over fifty teaching 
centers in this country asking for details regarding their postwar training pro- 
eram for the general surgeon. They were also asked to state what specialties 
they thought should be included in such a plan and, finally, to define the scope 
of the general surgeon today. The response was most instructive and gratifying. 

Second, a small number of certified general surgeons practicing in towns 
of 15,000 to cities of 3,000,000 population from coast to coast were asked to 
submit the distribution of their work by system over a period of one year, July 
1, 1946, to July 1, 1947. These men were interested in the problem and spent 
much effort in analyzing their work for us. This should provide a sound basis 
for judging those phases of training requiring emphasis. 

Finally, permission was graciously granted by the Secretary of the Ameri- 
can Board of Surgery to review the graduate backgrounds of 100° recently 
certified members of this board. This information can be compared with the 
plans for postwar training. 

According to this survey, the majority of the professors of surgery in this 
country are emphatic in their opinion that the trend toward ultraspecialization 
is undesirable in the training of the general surgeon of the future. They believe 
a thorough background should be provided in the basic sciences, as well as 
experience in many of the surgical specialties. They feel that the general 
surgeon should be competent in dealing with the common problems of thorax, 
abdomen, and extremities, even though he may eventually limit his field. It 


would appear possible to discern four training policies : 


1. The first program ineludes a broad experience on the specialty services 
such as urology, orthopedics or fractures, gynecology, ete., which provides a 
knowledge of these fields as a background for the practice of general surgery. 

2. The second plan offers a more limited training in the specialties and 
more emphasis upon teaching and research. Attention often is foeused upon 
the special surgical interests of the chief of the service. Such services stress the 
development of an academic career. 

3. The third group of services insist upon an elastic program. They encour- 
age the young surgeon to concentrate upon the aspect of surgery which is of 
particular interest to him. 

4. The fourth group depends largely upon training by preceptorship under 


one or more certified surgeons. 
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By each of these training policies, sufficient time is allotted to meet the 
Board requirements for basic science training. Although men from all groups 
may eventually become certified as general surgeons, the range of their eapa- 
bilities are undoubtedly extremely variable. For example, an analysis of the 
qualifications of 100 Diplomates of the American Board of Surgery in 1947 
shows a wide diversification of graduate work. The disrupting effect of the war 
is demonstrated by the fact that 49 of the 100 had eredit for service in the 
armed forces. Of those who received three or more vears of training after 
internship, about one-half received all of their training in the same institution. 
Fifteen of the entire 100 had five vears of hospital training after their intern- 
ship. Thirty-one received some credit for an assistantship. 

The American Board of Surgery is one of the most liberal of the specialty 
hoards. To be sure, four years or more of graduate training are required atter 
internship, but there are no hard and fast regulations governing the distribu- 
tion of work done by the candidate during this time. For example, a surgeon 
may be certified with little or no time devoted to urology, fractures, and gevne- 
ecology, or he may devote as much as one year to one particular specialty. On 
the other hand, the Board has demonstrated, in its examination questions, that 
it expects its Diplomates to possess some knowledge of the specialties. The 
majority of the other specialty boards appear to be more rigid in their recom- 
mendations, and some require one or more years of general surgery as a pre- 
requisite to specialty training. This is highly desirable, even though it eom- 
plicates the training program in general surgery, and such complheations will 
undoubtedly multiply as an inereasing number of voung surgeons seek specialty 
hoard certification. 

Some insight into the postwar trend of trainine in general surgery can 
he gained from a study of the outline of the services provided by forty-eight of 
the leading teaching centers in this country. Forty-two university clinies and 
six large private clinies gave detailed information which is utilized in this 
report. An analysis of these graduate training programs in general surgery 1s 
eraphieally presented in Fig. 1, 

Kighty-four per cent set aside a fixed period, usually four to six months, 
for pathology or one of the basic sciences, while the remaining 16 per cent 
depended upon weekly conferences and seminars throughout their training pro- 
eram to provide this background. 

With few exceptions, two vears or longer were devoted to general surgery. 
It was impossible to determine the ratio of time spent on ¢linieal wards as 
compared to the private wards. Proctology, pediatric surgery, plastic surgery, 
and thoracic surgery were often included in this general surgical service, while 
fractures and orthopedics, urology, evnecology, and neurosurgery were usually 
separate services. Ina few of the universities, and in most of the private clinies, 
six months or more were spent in the outpatient or diagnostie clinic. However, 
in the majority, the outpatient work was integrated with the general service. 

Approximately 90 per cent of the training programs surveyed provided 
time in thoracie surgery. Forty-six had a time allotment of three to six months 
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specifically set aside for this. It ean be seen from the foregoing that basic 
science, general surgery, and thoracic surgery were universal features of the 
training programs. The other specialties have not fared so well. For example, 
approximately 75 per cent of the teaching centers indicated that training was 
eiven either in orthopedies or in the management of fractures, or both. Urology 
was offered in approximately the same number (70 per cent) and neurosurgery 
by 6O per cent. Experience in pediatric surgery was included in one-half the 
services, While only 42 per cent provided training in evnecology. Experience in 
plastic surgery was specifically indicated in 40 per cent of the services. Rotation 


In anesthesia and roentgenology was offered sporadically. 








Specialty Given as Separate Service. 
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Fig. 1.—Analysis of training programs in general surgery in forty-eight training centers. 


It should be made clear that the training programs, as they now exist, are 
at considerable variance with the expressed ideals of the teachers of surgery, 
and in many instances do not appear to fulfill the needs of the practicing general 
surgeon. Let us consider the specialties individually. 

The opinion was commonly expressed that the surgeon should open the 
chest as fearlessly as the abdomen. The increasing use of the thoracie approach 
for lesions of the upper gastrointestinal tract makes it mandatory for the 


surgeon to be thoroughly familiar with the principles of thoracie surgery. 


Nearly all of the centers have been able to provide this necessary training. 
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Treatment of the extremities was Invariably regarded as being within the 
scope of general surgery, and it was the opinion of the majority that it is highly 
desirable for the voung general surgeon to receive training in the management 
of fractures. Mather Cleveland® pointed out, in a panel discussion on emergency 
surgery presented before the American Medical Association in June, 1947, that 
almost & per cent of our population is injured annually by various accidents. 
Of the 10,000,000 civilian accidents which oeeur annually, over 330,000 result 
in death; the great majority of these injuries involve the extremities. As a 
result of wartime experience by so many of the medical profession, it is probable 
that the emergency treatment of our civilian casualties is better than ever 
before. Tlowever, a strone tendency developed during the war to consider in- 
juries of the extremities, even in the absence of damage to the skeletal system, 
as ‘‘orthopedie’* cases. Because of this inference, often from higher professional 
authority, even well-trained general surgeons began to doubt their own eapabili- 
ties in the management of these eases. As Griswold? has properly emphasized, 
surgery of trauma has tended to be neglected by the teachers and professors in 
our schools of medicine. Since they have lareely heen interested in aspects of 
surgery other than trauma, a similar attitude has been developed in the students, 
interns, and residents. 

While fractures continue to be cared for on some general sureical services, 
there is a tendeney to group them in the orthopedic or a separate fracture 
service, However, approximately 25 per cent of the teaching centers did not 
indicate training in the treatment of fractures. While the general surgeon in 
a large city or connected with a group practice may not be required to treat 
fractures, the opposite is probably true for most general surgeons. Surprisinely 
enough, however, in our small survey it was found that only one-half of the 
surgeons were treating fractures. Since the general surgeon is very rarely con- 
cerned with eomplicated orthopedic techniques, it would seem more practical to 
have a separate fracture service. Such a service could be utilized to mutual 
advantage in the training programs of both general and orthopedic surgeons. 

It was generally accepted that urology deserved inclusion in the graduate 
training program even though it was not provided in one-third of the services 
analyzed. According to the survey of work done by the general surgeons over 
the country, it Was uncommon for them to perform a procedure within this field, 
regardless of the size of the city in whieh they practiced. Perhaps this emphasis 
on urology is not justified at the expense of other specialties. 

Despite the fact that neurosurgery was generally considered outside the 
scope of the general surgeon, training in this specialty was offered in approxi- 
mately 60 per cent of the services surveyed. Judging from the analysis of the 
distribution of the work done by the general surgeons, they rarely cared for 
patients in this particular field. The crux of the problem appears to be the 
furnishing of sufficient training for intelligent management of emergeney cases 
in this field without unduly prolonging the training program. 

In general, pediatric surgery was not rated as a specialty, and apparently 


one-third of the teaching centers did not provide experience in this field. Sinee 
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some of the most important advances in surgery in recent vears have been in 
the surgical correction of disabling congenital anomalies, it might be argued 
that this field of surgery deserves more emphasis in the training of the general 
surgeon than is now being given. 

The most glaring discrepaney between the actual needs of the practitioner 
of surgery and what is being offered in the training programs exists in the 
specialty of gynecology. Nearly two-thirds of the teaching centers surveyed 
appear to offer no training in this specialty. Sinee it is commonly combined 
with obstetrics in a separate department completely staffed by its own residents, 
it is often impossible for the young surgeon to rotate through this service except 
hy special arrangement. Yet the majority of professors indicated actual experi- 
ence in gvnecology as essential. The opinion was expressed that in these days of 
radical surgery in the treatment of malignant disease, it is impossible to establish 
a logical barrier between surgery of the abdomen and surgery of the pelvis. 
Not only was training in gynecology deemed invaluable from a diagnostie as 
well as a technical standpoint, but it was implied that the young general surgeon 
should develop an appreciation of the nonoperative and physiologic aspects of 
this field. Certainly a service which trains general surgeons for practice out- 
side the large teaching centers must include a liberal experience in gynecology, 
since our survey shows that the incidence of work in this field ranks second 
only to gastrointestinal surgery. 

An appreciation of the principles of plastic surgery were regarded as 
desirable, although approximately two-thirds of the services did not indicate 
specific experience in this field. Our survey indicates that practicing surgeons 
list a surprising amount of work which they consider within the realm. of 
plastic surgery. , 

It is fair to state that a minority of opinion exists that rotation in the 
various specialties unnecessarily prolongs and dilutes the training program. 
The proponents of this view believe that short periods of time spent in the 
specialties result in superficial training and stunting of productive thought. 
There can be little argument that those teaching clinics coneentrating in a 
particular field are fulfilling an important mission, supplementing those other 
teaching services which provide all-around background regarded as essential for 
the general surgeon who might practice in smaller communities. Regardless of 
the type of graduate training -programs offered, a most important quality to 
develop in a young resident surgeon is an inquisitive and skeptical approach 
to the problems of surgery, including those we believe to be satisfactorily solved. 

It is gratifying to note that time in the experimental laboratory was a 
feature of almost 60 per cent of the training programs. Eight services indicated 
that at least twelve months in the experimental laboratory was planned for 
those aspiring to the chief residency. Although only a few months were ear- 
marked for this purpose in some services, it was indicated that the resident staff 
was encouraged to continue investigative work throughout the period of train- 
ing. Undoubtedly, the handicap of finances and available space interferes with 


the establishment of experimental laboratories where they are greatly desired. 
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The importance of the dual funetion of such a laboratory in stimulating original 
contributions and in providing technical experience for the young surgeon in 
these days of decreasing availability of clinical material is universally recognized. 

It is evident from the information gathered from these surveys that there 
are several problems in the training of the general surgeon which are common 
to the majority of teaching centers. The most immediate and wide-spread prob- 
lem continues to be their self-imposed obligation to train as many veterans as 
possible, regardless of how far these men had progressed in their graduate train- 
ing before entering the armed forces. As a result, many teaching services have 
more men in training at the present time than they may have in the near future. 
Information was available from thirty-eight teaching services as to the number 
of new appointments in general surgery they plan to make each year. This 
number ranged from one to as many as thirty in a large private clinic. Almost 
one-half the university teaching services appointed less than four new men a 
vear. Most of them had twelve or more men at the assistant resident level. The 
majority indicated that approximately two men a vear would be eligible for 
examination by the Board of Surgery. 

A second problem has resulted from the various specialties developing their 
own graduate training programs. As a result, the opportunities for aequainting 
the voung general surgeon with these specialties have steadily diminished. Al- 
though the assistant residents may be exchanged between the general surgical 
service and the various specialties, it frequently happens that they are in such a 
subordinate position to full-time residents that their responsibilities are limited. 
There are few teaching centers remaining in this country which inelude many 
of the specialties as a part of the general surgical service. The chiefs of sueh 
services so far have been able to withstand the pressure for decentralization and 
continue to offer a broad experience in general surgery. 

A third problem arises from the preceding one as a result of many of the 
specialities requiring one or more years of general surgical training. For ex- 
ample, the Boards of Neurosurgery, Orthopedic Surgery, and Plastic Surgery 
require, or will require, one or more years of training in general surgery. 
Kurthermore, many of the other specialties, because of the great backlog of 
men desiring specialty training, indicate that one or more years training in gen- 
eral surgery would be desirable before they are appointed to that particular 
service. It is rumored that the Board of Thoracic Surgery, now in the process 
of organization, may require three years of training in general surgery followed 
hy two vears of thoracic surgery. This Board, like the Board of Proctology, 
may require certification in general surgery preliminary to certification in this 
specialty. Since the average teaching service makes but four new appointments 
a vear or less, it is obvious that there will either be little opportunity for train- 
ing in general surgery for those entering a specialty, or there will be few men 
available for pyramidal training in general surgery. 

While it is possible at the present time to fill vacancies in the various levels 
of the training program in general surgery with men of adequate experience 
and qualifications, this situation will not exist when the backlog of veterans 
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desiring training has been assimilated. It is apparent that the general surgical! 
services will be requested to carry an increasingly heavy load for the specialties. 
Therefore, those in charge of the training programs in general surgery have the 
bargaining power to insist upon reciprocity with those surgical specialties whieh 
they believe offer essential experience for the general surgeon. 

Since it is the majority of opinion of the Chiefs of Surgery that a broad 
training in general surgery is essential before intensive specialization, it follows 
that they would gladly offer this experience whenever possible. They deery 
early specialization in a narrow field because surgeons trained in this manner 
are apt to consider the patient in the restricted area of their own specialty, to 
the exclusion of a comprehension of his problem in its entirety. Furthermore, 
there is an inherent danger in training specialists without adequate background 
in general surgery, because many of these men may settle in a community where 
they find that they cannot earn a livelihood by limitine themselves to their 
field. As a result, they expand into general surgery without sufficient trainine. 

It can be seen from the foregoing that a general surgical service has a two- 
fold obligation: to supply the basie surgical training for the sureical specialties, 
and to furnish the requisite experience for the general surgeon. Some centers 
are solving the problems we have just discussed in the following manner: After 
an internship, perhaps of the rotating type, the initial appointment to the 
eeneral surgical service is a senior internship or junior assistant residency. This 
service is so arranged that a relatively large number of men ean be appointed 
and rotated for short periods through the various specialties. This provides a 
pool of men to meet the needs of both the general surgical service and the several 
specialties. Such a service provides broad experience, and at the same time 
fulfills the requirements in general surgery for the several specialty boards. 
During the following vears, any desired exchange between the various special- 
ties and the general surgical service is arranged. 

Perhaps one might venture to suggest that a better solution, although one 
more difficult to accomplish, would be an alteration of the requirements of the 
surgical specialty boards. Since the various fields of surgery have principles 
common to all, it would seem logical that two or three vears of fundamental 
training in general surgery would be equally useful to all. 

Perhaps it is not too bold to suggest that some of the specialty boards might 
liberalize their requirements and recognize three vears of general sureical train- 
ing, and deerease the number of vears in specialty training. 

The adaptability of the well-trained general surgeon was demonstrated in 
the recent war. Spurling’ and Churehill? have ealled attention to the fact that 
the experiences of World War II gave support to the idea that proficiency in a 
specialty following an adequate groundwork in general surgery might not take 
as long as had been previously believed. 

It must be accepted that surgical progress has developed to the point 
where eventual concentration in a relatively small field insures ereater  pro- 


ductivity than is otherwise possible. However, it should not be forgotten that 


much of the progress in the past has been made by those having a broad back- 
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eround in general surgery, who subsequently developed an interest in a special 
field. As Bonney! has pointed out, **Too restricted attentions to one subject 
cramps the outlook, narrows the mind, destroys the sense of proportion, deforms 
the specialty, and tends in the end to transform it into a cult.” 

The teachers of surgery in this country ean influence the future trends in 
the eraduate training of vounge surgeons. They must continue to offer oppor- 
tunities for those interested in an academic career and research. At the same 
time, they should accept the responsibility for training the surgeon to meet the 
needs of practice, (‘an it be said that sureeryv has become so complex that it is 
no longer possible to educate a man who is safe and competent in the several 
fields as a general surgeon?) Will the medical needs of our country be better 
served by the apparent trend toward greater specialization? Apparently the 
majority of teachers of surgery believe that the current inroads of system 
specialization should be resisted by providing a variety of training for the youne 
eeneral surgeon, 

If we are correctly judging postwar trends in the graduate training of 
general surgeons, concerted action will be necessary by the teachers of surgery 


to prevent further deviation from their expressed ideals. 
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ANAL ILEOSTOMY WITH SPHINCTER PRESERVATION 
IN PATIENTS REQUIRING TOTAL COLECTOMY 
FOR BENIGN CONDITIONS 


Mark M. Ravircu, M.D., BatLtimore, Mb, 


(From the Department of Surgery of the Johns Hopkins University and Hospital) 


HE advisability of preserving the anal sphineter in carcinoma of the 

rectum is currently being discussed more actively than ever before. The 
procedure presented here may be considered apart from that discussion because 
it is proposed for nonmalignant disease and because it is the ileum which is 
brought down through the anal sphincter to the anal skin. 

It is clear that in benign conditions requiring total colectomy there is 
no need for removing the sphineter muscles and it remains to be certain only 
that a colectomy is required and that satisfactory bowel habit can be established 
with an anal ileostomy. 

Regarding the necessity for total colectomy, I find it required in some cases 
of ulcerative colitis and in most cases of polypoid adenomatosis of the colon. 
In severe Hirschsprung’s disease a subtotal colectomy has occasionally been 
performed with an anastomosis of the ileum to the rectal ampulla. In that 
condition there is no need to excise all of the rectal mucosa. 

In chronic nonspecific ulcerative colitis operative treatment is a confession 
of ignorance and an admission of inadequacy, but at present an ileostomy 
performed early in the disease is often a lifesaving measure. By early per- 
formance of ileostomy, one hopes to arrest the disease before the colon has 
been hopelessly damaged, so that it may subsequently be possible to reanastomose 
the bowel. This desideratum is not often achieved, although in an occasional 
patient one may be justified in attempting to restore intestinal continuity. 
However, our interest has been centered in two other groups of patients. 
In the first group are those patients who after ileostomy still have active 
disease of the colon with pain and discharge of blood and pus and the threat of 
perirectal abscesses and fistulas. Such patients will be greatly benefited by 
removal of the diseased colon,’ * and in the past it has been the practice at this 
hospital to perform a total colectomy, the last stage of which is an abdomino- 
perineal resection of the rectum. It has been the general experience, as demon- 
strated again by the patient in Case 1, that a segmental colectomy is inadequate 
and offers little hope for subsequent restoration of intestinal continuity. The 
disease is usually most severe in the rectum—the very segment which would be 
left behind. In the second group are those patients who are apparently well 
after ileostomy, without symptoms from the retained colon, but whose disease 
has progressed so far and produced such extreme changes in the colon that 
there is no hope of ever restoring intestinal continuity. In the first group with 
persistent colonic infection the necessity for colectomy is generally conceded 


tead at the meeting of the Society of University Surgeons, New Orleans, La., Jan. 29-31, 
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ileostomy. In the second group even though the colonic disease is quiescent, 
colectomy is proposed, as a means of relieving the patient from a life-long ab- 
dominal ileostomy. Some will wish to add that cancer occasionally develops 
in the retained rectum. About 2 per cent of individuals with chronic ulcerative 
colitis are said to develop carcinoma of the colon or rectum.*? One further point 
must be made. So far as we know, there is no necessity to resect more than the 
mucosa, if any purpose can be served by leaving the other coats. 

In polypoid adenomatosis of the colon it is generally agreed (Pugh and 
Nesselrod* and Lockhart-Mummery’) that most or all of the patients with this 
condition will ultimately develop carcinoma of the colon unless colectomy is 
performed. Surgeons have long been tempted to compromise by performing a 
subtotal colectomy, anastomosing the ileum to sigmoid or rectum, and treating 
the tumors of the remaining segment with the electrocautery. Lillienthal, Soper, 
Erdman, and Tom Jones, Lockhart-Mummery, Stone and Rankin® have all re- 
ported successes by this method. However, in many such patients cancer has 
been reported to develop subsequently. One such patient has been observed® at 
this hospital and at the 1947 meeting of the Society of University Surgeons two 
patients were reported’ who developed cancer in remaining segments of the large 
intestine after partial colectomy for adenomatosis of the colon. There are few 
times when it is given to a surgeon to say, as it is in this condition, that he can 
prevent a cancer which would otherwise surely occur. To leave the rectal seg- 
ment is a dangerous compromise, since despite the removal of most of the colon 
it is precisely in the segment which remains that cancer usually develops! 

In June, 1947, observations were reported on dogs with a one-stage total 
colectomy and anal ileostomy with preservation of the sphincter. This pro- 
cedure has been applied to two patients with ulcerative colitis. A third patient 
with familial polypoid adenomatosis of the colon, one of five members of his 
family so afflicted, has had a subtotal colectomy and ileostomy but has not yet 
had the procedure completed.* 

CASE REPORTS 

Case 1 (J. H. H. 175214).—B. G. was a white man, aged 28 years. He had developed 
ulcerative colitis in 1984, at the age of 16 years. The symptoms continued unabated for four 
vears despite a large variety of medical treatments and two hospital admissions elsewhere, 
He had eight to ten watery stools a day with blood and pus and oceasional tenesmus productive 
of blood and pus. He had lost twenty-four pounds in weight (from 126 to 102) and had 
severe acne, 

In July, 1939, a terminal ileostomy was performed.t The patient's general condition 
failed to improve. The discharge of blood and pus continued, he had almost constant 
abdominal pain, and the hemoglobin dropped to 48 per cent. The sigmoidoscopie picture 
was unchanged. 

In April, 1940, a colectomy was performed} as far as the sigmoid, which was brought 
out as a mucous fistula. Section of the bowel (Fig. 1, 4) showe-:] moderate searring and 
thickening of the submucosa and atrophy of the mucosa, but no actual ulceration in the 
portion taken for section. 


*Since this report was submitted three more patients have had total colectomy and anal 
ileostomy for ulcerative colitis. There have been no deaths and the results thus far are 
encouraging. 

+Johns Hopkins Hospital, Dr. E. S. Stafford. 

.tJohns Hopkins Hospital, Dr. D. H. Sprong, Jr. 
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He improved slightly after this but continued to pass blood and pus per rectum 
despite therapy with each new antibiotic which became available. He was finally admitted 
in January, 1947, for completion of colectomy and anal ileestomy. Tle was very thin, and 
still had severe acne. An ileostomy was present ino a right) MeBurney sear and a very 
small mucous fistula (sigmoid) was visible medial to the left anterior superior iliae spine (Fig. 
2). The rectal wall was thickened and roentgenograms (Fig. 3) showed remarkably advanced 
changes with a contracted, tubular bowel.  Proetoscopy showed friable bowel which bled 
easily and ran with pus. The patient was prepared for operation with sulfasuxidine by 


mouth and by instillation in the rectum. 





Fig. 1 (Case 1).—B. G. A, Photomicrograph (50) of colon at the time of subtotal colec- 
tomy in 1940. There is scarring and thickening of the submucosa and extensive surface ero- 
sion of the mucosa. B, Photomicrograph (30) of rectum removed in 1947. The mucosa is 
almost destroyed. The submucosa is much thicker than in 1940 (see A). There is visible the 
sear of an old ulcer interrupting the muscular coat. 


On Jan. 24, 1947, the remaining colon was resected and the ileum brought down to the 
anus in the manner to be described. Despite the seven years since the subtotal 
colectomy, the pathologic process lind continued tO advance, The photomicrograph 
(Fig. 1, B) showed extreme atrophy and ulceration of the mucosa. Only the basalmost 
glands remained, The mucosa was heavily intiltrated by inflammatory cells. The sub 
mucosa was greatly thickened and the process here was old and organize |. The sections 
showed an old healed ulcer which had completely interrupted muscular continuity. 
Penicillin, 800,000 units per day, was given postoperatively. The operative procedure 
itself was well tolerated. Two days later the patient had passed neither feces nor flatus and 
a Miller-Abbott tube was passed. He remained completely obstructed until January 31, the 
eighth day, when fecal material appeared on the perineal dressing. All wounds, including 
the perineal, had healed cleanly. For several days liquid feces drained intermittently and 
without control. As soon as he was started on a soft diet on the twelfth day, he had 
violent cramps with visible peristaltic waves, relieved by resuming suction on the indwelling 
Miller-Abbott tube. Often, after such cramps, which were agonizingly severe, there 
would be an explosive fecal discharge. Feb. 7, 1947, the fifteenth day, the patient was 


able to hold back a stool for one hour until extremely severe cramps demanded evacution 
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of the stool. The fecal discharge was becoming sott and ereenish and beginning to 
resemble normal stool. However, the intolerable cramps continued and on Feb. 9, 1947, 
the seventeenth day, the abdomen was entered again in the expectation of finding a loop 
held down by adhesions. The peritoneal cavity was clean and free of adhesions and 
the greatly dilated ileum passed down through the reconstructed pelvic floor, A reetal 
tube was passed from below into the abdominal ileum with a great rush of gas and deflation 
of the bowel. It was felt that the bowel was kinked on itself below the pelvic floor. 


Thereafter, whenever cramps became severe, relief was obtained by passing the rectal 





oti. 





Fig. 2 (Case 1).—B. G., Jan. 24, 1947, immediately preceding anal ileostomy and completion 
of colectomy, 


tube. He was requested to do this only morning and evening, and usually he succeeded. — He 


had begun to acquire some sort of control when he left the hospital on April 22, 


1947, in rather sorry state. He weighed only 79 pounds. Appetite was fairly good 
but any ingestion of food caused severe cramps. Control of stools was irregular, 


although during the day he could usually retain the stools. More often he had = diffieulty 


in evacuating at will, although he felt the destre to defecate and could differentiate 
between feces and flatus. Often it was necessary to puss a rectal tube after voluntary 


efforts at evacuation failed. There was no stricture, but mucosal folds of pleated intestine 
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Fig. 3 (Case 1).—B. G., roentgenograms. A, Barium enema June, 


1947. The rectosigmoid is a narrow rigid tube, 


a REO 


cs 


Aug. 18, 1947, when he had 


gained another thirty 


gained 
pounds, 


thirty 


1940, 
subtotal colectomy. The colon is smoother and less distensible than normal. 
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could be felt in the pelvis. Sphincter tone was fair and voluntary tightening of the 
sphincter was rather good. He had two to four stools a day and several at night. Usually 
he wakened to evacuate at night but at times he failed. After discharge from the 
hospital he began to make rapid improvement. He soon learned that by relaxing at stool 
instead of straining he could evacuate at will and found it necessary to evacuate only 
after breakfast and supper, when he spent fifteen to twenty minutes on the commode. The 
cramps became less annoying and as they did he frequently was incontinent at night. This, too, 
was gradually overcome. During all this period his appetite was ravenous and by 
January, 1948, he weighed 142 pounds, a gain of over sixty pounds since discharge (Fig. 4) 
Until September, 1947, he wore a perineal dressing beeause of occasional soiling. By 


September he was never incontinent, day or night, had only two soft formed stools a 





A, ‘ kB. 


Fig. 5 (Case 1).—B. G. Roentgenograms of barium meal, ugust, 1947. 1, Four hours 
after injection—the stomach is not empty. Most of the small bowel has filled. B, Five hours 
after ingestion—the stomach has emptied and barium has reached the dilated loops of ileum 
in the pelvis. 


day and no abdominal cramps. The old acne had disappeared and his friends and family 
stated he had never looked so well. Since he had developed ulcerative colitis at the 
age of 16 this is easily believed. He returned to work and has continued as manager of the 
shoe department of a department store. He eats a much broader diet than before operation, 
avoiding only an excess of raw fruits. Roentgenograms (Fig. 5) of the gastrointestinal tract 
show complete emptying of the stomach in five hours, by which time barium has just reached 


the distal ileum. The distal ileum (Fig. 6 


), shown by retrograde injection, is enormously 
dilated. Charcoal taken by mouth at night appears in the stool next morning and is last 
seen after an additional twenty-four hours, or thirty-six hours after ingestion, There is no 


ileal eversion or prolapse, the perineum is dry, and sphincter tone is good (Fig. 7 
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Summary.—This was a man of 28 years, known to have had ulcerative colitis since 


the age of 16 vears (1954). In 1939 a terminal ileostomy was performed and in 1940 a 
subtotal colectomy. Symptoms from the distel segment persisted and in January, 1947, the 
colectomy was completed and oan anal ileostomy performed, Recovery was slow and 
obstruction more a problem than diarrhea. By the fourth month he had satisfactory 
sphincter control and had begun to gain weight. He gained sixty pounds in weight, has 


two formed stools a day, does not soil lis clothes, wears no pad, las no cramps, eats 


a full diet, and works a full day. The terminal ileum is greatly dilated. 


CASE 2 (J. H. H. 273608).—S. S., was a white woman, aged 356 years. This patient’s 


symptoms of ulcerative colitis began when she was 2S years old and progressed steadily 


until she had = lost fifty pounds in weight. Medical treatment was unavailing. A 
Dragstedt ileostomy was performed in’ January, 1945. Her general condition improved 
considerably but she continued to have bloody reetal discharge and on one occasion required 
admission for continuous bleeding which had reduced the hemoglobin to 7.5 Gm. The 
colon was a rigid tube (Fig. 8). Sigmoidoscopy continued to show active ulceration. — It 


was felt that there was no hope of restoring intestinal continuity and = that) sinee she 


was still having symptoms from the colon, colectomy should be performed. 





2).—S. SS. Barium enema two years after ileostomy. The colon is a rigid tubs 


ol small caliber. 


She was fairly well nourished, weighing 113 pounds. There was a well-constructed 


t of the midline below the umbilicus, and in the 


Dragstedt ileostomy (Fig. 9) to the rigl 
right lower quadrant there was a red button of ileal mucosa, which occasionally prolopsed. 
The perianal region showed healed scars of the old abscesses but no fistulas. The reetum 
was constricted, rigid, and filled with foul bloody pus. She was prepared for operation 
by daily rectal injections with sulfathalidine, daily instillations of sulfathalidine in the 
distal mucous fistula, and oral streptomycin. Two days before operation intramuscular 


administration of penicillin, 100,000 units every three hours, was begun. At operation, Dee. 


*Johns Hopkins Hospital, Dr. H. N. Harkins. 
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11, 1947, a total colectomy was performed (Fig. 10). The ileostomy was freed and brought 
down through the sphineter and the ileum sutured to the anus, The patient tolerated 
this extensive procedure very well, A Miller-Abbott tube had been passed preoperatively 
almost to-the ileostomy and the tip of the tube was below the pelvic floor at conclusion of 
the operation. She was out of bed and walking on the fifth day. Liquid feces began to 
drain on the fifth day and she began to eat on the tenth day. Streptomycin was 
continued parenterally for five days, penicillin for twenty-six days. By the second week 


she was using the commode and was able to retain the liquid stools for a few minutes. 
Intestinal cramps appeared at this time and were severe. She could distinguish. feces and 
fatus by the third week. All wounds healed per primam. At three weeks there was some 
eversion of the ileal mucosa at the anus. She had two stools a day in the commode without 
difficulty and one or two at night. Her appetite and energy were greater than on admission, 
She was discharged from the hospital on the fourth week. By the fifth week she had no 
nocturnal stools and had only occasional seepage, The sixth week she had only two stools a 
day, none at night, and did not wear a pad. She had had no incontinent evacuations since 


returning home, 





eommre 


Fig. 11 (Case 1).—B. G. Condition at time of operation. Patient had had a subtotal 
colectomy. The ileostomy is in the right lower quadrant. The sigmoid fistula is in the left 
lower quadrant. 


Summary.—This was a woman of 36 years who had ulcerative colitis of eight years’ 
duration. Hleostomy in January, 1945, did not affect the disease in the colon. In December, 
1947, in one stage a total colectomy and anal ileostomy were performed. She weathered the 
procedure easily. At the time of this report she has made much greater progress than 
had the first patient at the end of an equal period of time so that a good result is 


expected. 
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OPERATIVE PROCEDURE 

Preoperative preparation consists in the oral administration of streptomyein 
or of sulfasuxidine or sulfathalidine. The large bowel is daily irrigated with a 
solution of one of these agents and after each irrigation a concentrated suspen- 
sion of the same drug is instilled in the colon. Before operation an indwelling 
intestinal tube is passed to the terminal ileum. 






Sigémoid freed 
from abdom- 
inal wall 





Fig. 12 (Case 1).—B. G. Mobilization of rectum. The entire sigmoid cannot be placed undet 
the peritoneal floor. The excess is resected, 


The colonic segment (in Case 1 the sigmoid and rectum, in Case 2 the entire 
colon and two feet of attached ileum) is freed and resected (Figs. 11 and 12) so 
that only a short stump of rectum is left in the pelvis. This segment must be 
completely liberated down to the muscular pelvie diaphram. The colon. in 
patients with ulcerative colitis is so rigid and thick-walled that inversion of the 
distal stump is not feasible. I have merely transected the bowel with the 


cautery between clamps and tied off the reetal stump with heavy braided silk. 
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The ileum is then freed from the abdominal wall (Fie. 13) and tied with the 
same heavy braided silk. In both instances it was apparent that the ileum 
would reach through the anus. A little extra leneth was obtained by cutting the 
edge of the mesentery Without sacrificing any vessels. With the ileum pressed 
down to the bottom of the pelvis, the anterior surface of the ileum is then 


marked with a silk suture at the level at which the bowel should be attached to 







Hypertrophied 
distal ileum 
freed from 
abdominal wal 






Kig. 138 (Case 1).—B. G. The ileum has been freed from the abdominal wall. The rectum has 
peen dissected out down to the levator ani, tied and transected. 


the pelvie peritoneum (Fig. 14). This will minimize the likelihood of rotation 
of the bowel and will ensure one’s leaving enough ileum beneath the pelvic 
oor for the anal anastomosis. The peritoneal floor is then repaired, suturing the 
peritoneal flaps to the right side of the ileal mesentery, to the bowel wall, and 
to the left side of the mesentery (Fig. 15). Care is taken to suture no more than 


two-thirds of the bowel circumference so as to prevent stenosis of the bowel. 








Fig. 14 (Case 1).—B. G. The 
ileum to denote anterior 





Fig. 15 (Case 1).—B. G. 
the bowel for only two-thirds 
taken in mesentery. 
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The abdominal wounds are closed and the patient placed in the lithotomy 
position. The anal margins are grasped with Allis clips and a circular incision 
is made in the mucocutaneous junction (Fig. 16). The freed edges of the 
thin tube of mucosa and submucosa which is now dissected up are held with 
curved clamps and dissection is continued with small curved scissors. The 
bowel is friable and must be handled gently. The cuff of mucosa and submucosa 








Fig. 16 (Case 1).—B. G. Lithotomy position. Dissection of cuff of rectal mucosa and submu- 
cosa beginning at mucocutaneous junction. External and internal sphincter are uninjured. 


is dissected up for two to three inches, then when the outer muscular coats of 
rectum are cut through (Fig. 17, A), the pelvis is reached. Continuation of this 
incision circularly frees the rectum entirely. The rectum and attached ileum 
can then be delivered (Fig. 17, B). The ileum is sutured in three layers. The 
first, of 0000 catgut, is a continuous suture between ileum and the everted mus- 
cular coats of rectum (Fig. 17, B). The second, of interrupted sutures of the 

















Fig. 17 (Case 1). B. -G. 1, After dissection of mucosa-submucosa cuff two to three 
inches in length the outer coats of reetum are divided above the levator ani, This frees the 
rectum, 6B, The reetum is delivered with ileum tied to it. First suture line (0000 catgut) 
ileum, including submucosa, to everted rectal muscularis. C, Second suture line (0000 catgut) 
(first has been permitted to retract) external sphineter to ileum, including submucosa. 
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same material, tacks the ileum to the external sphineter (Fie. 17, C) after the 
first suture line has been permitted to retract. The ileum is then transected 
(Mie. 17, D) so as to reach just to the skin edee, to which it is fixed with a few 


interrupted sutures of silk (Fie. IS), for the third suture line. 





External 
sphincter 


ee 


: ne va 
Final appearance 


Mig. 18.—Third suture line interrupted silk between full thickness of ileum and full thickness 
of skin No drains are employed. 


DISCUSSION 


The condition of these two patients is an encouragement to continue the 
use of this procedure for the relief of patients who must have a permanent 
ileostomy. Neither incontinence nor excoriation of the skin has been a prob- 
lem. Complete sphincterie continence and good sphincter tone are eradually 
regained after operation. The perianal skin in both patients smarted for one 
or two weeks but never beeame excoriated. Both of the patients commented 
within the first month that for the first time since the original ileostomy the 
stools had taken on the usual appearance of feces. Both patients now have 
soft formed stools on a regular diet. The first patient required Kaopectate for 
atime. The second patient, whose course throughout was much smoother, did 
not require any such agent. Both patients have a defeeatory urge whieh they 
say is a sense of lower abdominal fullness. They are able to distinguish be- 
tween flatus and feces and can permit the escape of flatus at will. 

Nissen has drawn our attention to the fact that in 1982 at a meeting of the 
Berlin Sureical Society he presented a boy who was stated in the proceedings 
of the Society® to have had a total colectomy and ileo-anal anastomosis for 
polypoid adenomatosis of the colon. Nissen,” operating through a sacral ap- 
proach, apparently used the Hochenege pull-through procedure, bringing a 
double-barreled loop of ileum through the sphincter. Waneensteen! '' had 
one patient in whom, for ulcerative colitis, he did a subtotal coleetomy and 
anastomosed the ileum to the terminal rectum with a satisfactory result. In 
another patient he performed a total colectomy with a Hochenege pull-through 
with a result which he felt to be unsatisfactory. Babcock’? stated that in his 
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experience total colectomy for ulcerative colitis with some type of pull-through 
had been unsatisfactory. 

The method described here does not injure the external sphincter and _ pre- 
serves the internal sphincter and the attachment of the muscular coats of the 
rectum to the levator ani muscle. It may be that these features will contribute to 
a greater measure of success than has been achieved in the past. Simultaneous 
dissection from above and below as done by Wangensteen,'' Morgan,'* and Lloyd- 
Davies'* might have definite advantages. Such a method would permit one to 
determine with greater precision the level at which the ileum should be sutured 
to the pelvie peritoneum. 

The dilatation of the ileum is to be expected, for to place a continent 
sphincter at the end of the ileum is to produce a complete, if intermittent, intes- 
tinal obstruction. These patients suffered agonizing cramps during the period 
of dilatation of the ileum, but the first patient has been free from cramps since 
the fourth month, and the second patient’s cramps ceased by the fifth week. 
Similar dilatation of the ileum, and for the same reason, occurs after the all 
but total colectomy for Hirschsprung’s disease in which only the rectal ampulla 
has been left for anastomosis to the ileum. Two voung patients had an all but 
total colectomy performed at the Johns Hopkins Hospital, three and four years 
ago, for Hirschsprung’s disease. Both those patients are vigorous and well and 
in both the ileum is hugely dilated. This dilatation is not a disadvantage but 
a necessity. 

It should be pointed out that the two patients with ulcerative colitis here 
reported had had the ileostomies for eight vears and three years, respectively. 
In both the terminal ileum was already thickened, dilated, and hypertrophied 
before operation, although much less than subsequently. In a third patient with 
familial adenomatosis of the colon it was intended to perform the entire 
procedure at the very first operation, but the patient’s condition caused the 
procedure to be stopped when only the ileostomy and subtotal colectomy had 
been completed. The second stage has not vet been performed. In any ease, 
it may well be that a period of at least several months should be allowed for 
adjustment to the ileostomy before completion of this operative procedure. 


SUMMARY 


1. An operation is described for the preservation of a continent sphincter 
in the performance of an anal ileostomy after total colectomy. 

2. This procedure is advised in patients requiring total colectomy for be- 
nign lesions—specifically, chronic ulcerative colitis and polypoid adenomatosis 
of the colon. 

3. Two patients with ulcerative colitis are presented in whom this operation 


was successfully performed. 
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POLYPOSIS Ok THE COLON 





(ADENOMATOSIS 


Patni I. Hoxwortiu, M.D... Pu.D..* CINCINNATI, OHIO, AND 
DANELY P. SLAUGHTER, M.D..t Cuicaco, ILL. 


OLYPS of the colon occurring either sinely or in small numbers are common, 

but polyposis (adenomatosis) is relatively rare. The condition is of par 
ticular interest because of its familial and congenital aspects, the diffuse in 
volvement of the colon, and the marked tendency to malignant chanee at an 
early age. It is important that polyposis be recognized as a clinical entity apart 
from the general subjeet of polyps and carcinoma of the colon because of the 
special problems it presents In diaenosis and treatment. 

In the management of polyposis, the segment of colon which should be 
removed first, the extent and type of resection, the amount of bowel that may be 
preserved, the number of operative stages to be employed, and the question of 
the use of cautery are important variables. In order to plan the procedure hest 
suited to the individual, it is necessary to make accurate preoperative studies of 
the general condition of the patient and of the location, extent, compactness, and 
character of the lesions in the bowel. It is equally essential to the proper man 
agement of a patient with polyposis that the surgeon be aware of certain facts 
concerning the pathology, genesis, and behavior of the disease. To this end an 
historical review concerning these phases of the disease will be presented in 
some detail. This review will be followed by a deseription of the experience 
of surgeons in the operative management of polyposis since 1980.) The vear 1980 
is selected because a review of the literature makes it apparent that most of the 
improvements in surgical management have been made since that time. It is 
important to recognize that surgery has become wider in scope and safer in the 
latter part of the reported period because of the many therapeutic measures 
which have been developed as adjuncts to intestinal surgery. Finally, seven new 
cases of polyposis will be added in order to illustrate differences in the sureieal 
approach to patients, which differences are determined by preoperative studies 


and by the present-day concept of the disease and its management. 


HISTORICAL REVIEW 


Little has been added to our knowledge of the pathogenesis and deserip 
tive pathology of polyposis of the colon since the classic review of the literature 
made by Cuthbert Dukes! in 1930.) In this review are assembled the contribu 
tions which have made possible the modern concept of the disease. Dulkes* com- 
ment on the terminology, unraveling of points of confusion with regard to dis 
eases which resemble polyposis, and delineation of clear-cut **landmarks** are 
so sound that they deserve considerable emphasis in the form of liberal quotation. 


Terminology.—TVo quote from Dukes: **The condition of multiple polypoid 


growths has been described under many different names, such as ‘disseminated 





Read at the meeting of the Society of University Surgeons, New Orleans, Taa., Jan. 29 
to 31, 1948S. 

*From the Department of Surgery, UniverSity of Cincinnati School of Medicine and the 
Cincinnati General Hospital 


‘From the Department of Surgery, University of Illinois College of Medicine 
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polypi? (Cripps, ISs82), ‘multiple adenomas’ (Whitehead, 1884), ‘multiple 
polyp (Bickersteth, 1890), and ‘multiple papillomata’ (Dalton, 1893). Other 
less Commonly employed designations have been ‘multiple adenomatosis’ and 
‘multiple polyposis. | - Fortunately, it is not necessary to be guided in our 
choice of a name by questions of priority, because none of the earlier deserip- 
tions was In any way complete and‘... some contained confusing errors. The 
reasons for deciding to call the disease by the short and easily pronouncable 
hame ‘polyposis’ are that this term was used as early as any, it Is an accurate 
deseription of the condition, and * polyposis intestini’ is the recognized label for 
the disease in every language other than Knelish.”’ 

Distinction Between Polyposis and Polyps Secondary to Inflammatory Dis 
case.—It is difficult to establish the identity of the first author to recognize 
polyposis as a disease entity beeause of the confusion which existed in the 
eighteenth and nineteenth centuries between primary polyposis and polyps see- 
ondary to inflammatory disease. The tendeney to confuse polyposis and polyps 
secondary to inflammation was recognized by Woodward in 1881, who suggested 
the name pseudopolyposis for polypoid growths secondary to ulcerative colitis. 
Dukes stated that the cases of Menzel (1721), Lebert 1861), and Lusehka (1861), 
collected by Virchow (18638), were reported with a case of his own as examples 
of the secondary type to whieh Virehow apphed the term **colitis polyposa.”’ 
In a footnote, Dukes added that ‘*in the Heht of subsequent knowledge it is 
improbable that Virehow’s case had the same pathology as the others,’* indicat- 
ine that the cases of Menzel, Lebert, and Luschka may have been examples of 
polyposis. Luschka’s case was that of a woman, aged 30 years, in whom the 
colon is described as having contained thousands of polypi. Mayo and Wake- 
field? stated that this is the most convineing description of polyposis made by 
any early writer. 

Even today inflammatory colitis and polyposis are occasionally confused 
clinically and pathologically in cases with long-standing involvement. Severe 
inflammatory colitis due to secondarily invading organisms may be superimposed 
upon long-standing primary polyposis, and adenomatous hyperplasia with malig- 
nant change may occur in polyps which arise in the presence of long-standing 
inflammatory disease such as in ulcerative colitis or amoebic dysentery. Hither 
circumstance may give rise to identical symptoms. In most instances careful 
study utilizing present diagnostic criteria makes possible the distinction between 
the two conditions. 

Distinction Between Polyposis and Polyps Occurring Lither Singly or in 
Small Numbers.—The third and most common form of polyps encountered are 
those occurring singly or in small number either in children or adults. Dukes 
stated that these ‘tare best deseribed under the name of papilloma or adenoma.’ 
According to Dukes, although Boas (1901) was the first of textbook writers 
to differentiate polyposis from isolated papillomas and adenomas it is not pos- 
sible to determine the time that polyposis was recognized as an entity. 

Recognition of the Familial Predisposition and Congenital Aspects.—The 
fundamental concept of familial and congenital polyposis was recognized when 


W. Harrison Cripps in 1882 reported two cases occurring in brother and sister. 
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Many similar case reports followed, and one may refer to Dukes for papers 
giving the details of familial history of cases and for a discussion of the heredi- 
tary factor. Polyposis is an example of gene mutation transmitted by both 
sexes, and appearing in succeeding generations as Mendelian dominants or re- 
cessives. For this reason the disease may appear in every generation of one 
family and it may not develop for many generations in another. The appear- 
ance of polyps is most frequent in the second, third, and fourth decades of lite 
with the peak of incidence at about 380 vears of age. An excellent view of the 
familial and genealogie aspects of the disease is afforded in the article by 
Lockhart-Mummery and Dukes. 

Tendency to Malignant Change.—Handtord in 1890 deseribed a case ot in- 
testinal polyposis in a woman aged 34 vears who died of cancer of the rectum. 
Dukes stated that, **the significance of this observation was emphasized a few 
years later by the masterly review of the disease by Hauser in 1895, and since 
this date almost every writer on polyposis has drawn attention to the frequeney 
with which it is associated with carcinoma.’’ For the histopathologic charac- 
teristics of polyps Fitzgibbon and Rankin* made an excellent review and estab- 
lished a classification of interest to the surgeon. 


REVIEW OF SURGICAL MANAGEMENT SINCE 1930 


A principal purpose of this paper is to examine various methods used in 
the surgical treatment of polyposis. In 1927 J. H. Saint® reviewed the litera- 
ture on polyposis in the British Journal of Surgery. In 1934 Lockhart-Mum- 
mery® stated that he had performed the first colectomy for this condition in 
1918 and had, in all, done four complete colectomies for the disease. He had, 
however, removed the rectum in only one case, preferring fulguration of the 
lower segment as a method of choice unless cancer was present. 

Reports of experiences of American surgeons begin about 1980. Tabulation 
of this experience from the material recorded in American literature has never 
been made. Heretofore the published data has consisted of groups of case re- 
ports from individual clinics, usually accompanied by illustrations and deserip- 
tions of preferred techniques and programs of procedure, for the most part 
based upon sound surgical principles. There is a natural tendency on the part 
of a surgeon, as a rare case is encountered, to apply a given procedure suggested 
by a publieation to the management of a case rather than to vary the approach 
or modify it in order to suit the individual requirements. 

In the following review, only cases in which operations were performed on 
the large intestine in attempts at cure are reported. Reports on patients who 
died before attempts at resection were made are not ineluded. Also, articles 
which do not give individual case reports are excluded because of the lack of 
data necessary for analysis. 

In 1931 Rankin‘ reported three cases of polyposis in which total removal 
of the large bowel and rectum was done in three stages—ileostomy, colectomy, 
and posterior or abdominoperineal resection, in that order. In 1935 three cases 
were added,* treatment in one being the same as in the first three, and treat- 
ment in the other two being by colectomy and ileosigmoidostomy after ileostomy 
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and fulguration of the lower segment. Abstracts of these case reports are as 
follows: 

CASE 1.—(1) Hleostomy was performed, with (2) colectomy to the rectum (7 months 
later), and (8) posterior resection of the rectal stump (2 weeks later). The interval 
between stages (1) and (2) was 74% months. Carcinoma of the rectum was present in the 


initial biopsy material as well as in the removed rectal segment. The patient died 11 months 


after the final operation. The cause of death was not given. 
CASE 2.—(1) Ileostomy was followed by (2) colectomy to rectal stump (3 months 
later), and (3) posterior resection of the rectal stump (2 weeks later). The interval 


was 54% months. Carcinoma of the rectum was shown on biopsy before treatment was 
begun and two carcinomas were found in the rectal specimen. The patient was living and 


well 3 years later. 


» 


CASE 3.—(1) Heostomy was followed by (2) colectomy to the rectosigmoid (444 months 
later), and (3) combined abdominoperineal resection (6 weeks later). The interval was 6 


months. No carcinoma was demonstrated: the patient recovered satisfactorily, 


CASE 4.—The patient was operated upon in three stages: (1) ileostomy, (2) colectomy 
down to the lower third of the sigmoid (6 months later), and (3) combined abdominoperineal 
resection of the rectum and anus (3 months luter). The interval between the first and third 


stages was 9 months. Carcinoma was not demonstrated. The patient was well one vear later. 


CASE 5.—The patient was treated as follows: (1) ileostomy, (2) colectomy to the mid 
sigmoid (38% months later), (8) fulguration of the lower segment ‘* because the polypi were 
not so diffuse... as in the other cases,’* and (4) lateral anastomosis between the ileum 
and lower segment (11 months later). The interval between the first and fourth stages was 


15 months. No carcinoma was demonstrated. The patient was well two years later. 


CASE 6.—In this patient surgery and fulguration were combined. First ileostomy was 
performed, with fulguration of very thick-set polypi 2 months later, and colectomy to the 
midsigmoid area 2 months later. Completion of the fulguration was planned, but death oe- 
curred on the eighteenth postoperative day, clinically due to peritonitis and pulmonary em- 
bolism. This complication was attributed to unsatisfactory closure of a rectosigmoid stump 


thickened with polypi. 


In 1936 Mayo and Wakefield? described a new operative technique employed 
in two eases of polyposis. This treatment consisted of the following steps: (1) 
fulguration of the polyps in the rectum and lower sigmoid segment, (2) right 
colectomy and ileosigmoidostomy, (3) left colectomy leaving a sigmoid colos- 
tomy above the site of the ileosigmoidostomy, (4) fulguration from above, and 
(5) elosure of the colostomy. The first patient was well six months after opera- 
tion. Their second patient developed acute small bowel obstruction after the 
second stage and died two days after laparotomy and release of obstruction. 
No carcinomas were demonstrated; the intervals from stage to stage were not 
viven, 

Miller and Sweet® (19387) reported on two patients in each of whom a 
combined abdominoperineal resection was followed by total colectomy and estab- 
lishment of an ileostomy. One patient (Case 1) was treated by (1) combined 
abdominoperineal resection, and (2) resection of remainder of colon with 
ileostomy. Adenocarcinoma with regional node metastases was found in the 
specimen removed in the first stage. There was an interval of three months 
between stages. The patient was well three years later. The second patient 
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was treated identically, with en interval of one month between stages. An 
adenocarcinoma, grade 1, from an area in the reetum, another in the lower sig- 
moid, and a third carcinoma in the colon were removed at the second stage. The 
patient was living and well seven years later. 

Searborough' in 1987 reported one patient treated by: (1) ileostomy, (2) 
abdominoperineal resection of the left colon, rectum, and anus (four months 
later), and (38) right and transverse colectomy (two months later). Biopsy 
of the rectum for carcinoma before ileostomy Was positive, The interval be 
tween the first and last stages was six months. The patient was well three vears 
after operation. 

In 1939 T. KE. Jones!’ reported a single case with repeated fulguration of 
the lower segment extending over the period from 1926 to 1980. Total colectomy 
and ileosigmoidostomy were then performed. The patient died two years later 
from carcinomatous metastases. 

In 1944 Hickman'? reported Oe pr tient who had been treated by (1) ful- 
euration of some 225 polyps for a distance of 12 inches in the lower segment, 
and (2) total colectomy and ileos'‘gmoidostomy in one stage (three months later). 
No careinoma was demonstrated. The patient was alive and well twelve vears 
later. 

In 1945 operated cases were reported by Lahey,’ Pfeiffer and Patterson"! 
Pugh and Nesselrod.'’” and Wilensky." 


In one of Lahey’s two patients there were four carcinomas, three removed 


by combined abdominoperineal resection, with colectomy and ileostomy being 


contemplated at the time of the report. In the second patient (with fewer 
polyps in the reetum and no evidence of eareinoma 1) fulguration was fol- 
lowed by (2) colectomy and ileosigmoidostomy and (3) fulguration of reeur- 
rent polyps. The patient was alive and well ten vears later. 

Pfeiffer and Patterson reported four cases with the technique employed 


and the operative results as follows: 


CASE 1. 1) Fulguration of the rectum and sigmoid at bi-weekly intervals for 2 months 
at another clinic was followed by a 4-vear delay because of abatement of symptoms and 
patient ’s refusal of surgery. 2) Tleosigmoidostomy and colectomy were performed, but 3 to 
t inches of cecum were left because of technical ditticulties. (3) Fuleuration of polyps in 
cecum was followed by (4) operative removal of cecum, The patient was well at time of 


writing (less than 1 vear postoperatively 


CABE 2: 1) Fulguration, continued after a o-month interval, was performed (delay 
due to uncooperative patient). 2) Fulgurations begun 7 months later (delay again due to 
lack of cooperation). (3) Laparotomy 23 weeks later revealed incurability due to extension 
of a carcinoma of the rectosigmoid. \ palliative resection was done and the patient died 


on the fourth postoperative day. 


CASE 3.—The stages were as follows: (1) repeated fulgurations over a period of two 
months, (2) ileosigmoidostomy, (3) colectomy down to the anastomotic site four months after 
initial fulguration was done. The patient was well at the time of writing, less than 1 vear 


postoperatively. 


CASE 4. 1) Resection of carcimoma of sigmoid with stgmoid colostomy and turning in 
the distal stump wes followed by (2) repeated 


fuleurations of rectum and blind sigmoid 


segment and (3) ileosigmoidostomy 3° months after initial resection. Two returns to the 
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hospital with obstruction were relieved by Miller-Abbott tube and incision and drainage of 
a left pelvic abscess on each occasion. (4) Colectomy to the site of the anastomosis was 
performed 1 year after the first operation. The patient had early recurrence of carcinoma 


on rectal examination, 


Pugh and Nesselrod'’ reported two operated cases with recovery. In one 
case three stages were employed, effecting (1) ileostomy, (2) colectomy (two 
months later), and (3) combined abdominoperineal resection of the remaining 
segment (three months later). Four months intervened between the first and 
last stages. In the second case, all adenomas from the pectineal line to the 
pelvic sigmoid were fulgurated, following which ileosigmoidostomy was_ per- 
formed, The intervening segment was resected at a second operation, three 
months later. No malignancy was demonstrated in either case. 

Wilensky'® reported one case in which total colectomy and resection of the 
rectum and anus were accomplished successfully in three stages—right colee- 
tomy, left colectomy, and abdominoperineal resection of the rectum and anus. 

In 1947 Guptill’® reported three cases in which operation was performed 
on the colon. 

CASE 1.—Treatment was as follows: (1) Fulguration on five occasions during the last 
of which the sigmoid was perforated and treated by laparotomy. (2) Seven months later 
at laparotomy the sigmoid was opened, polyps were fulgurated, and ileosigmoidostomy was 
done. (3) Right colectomy was performed six weeks later; (4) two months later the left 


colon and sigmoid were removed, down to 5 em. above the anastomosis, (5) During the 


next 3 months polyps were fulgurated through the sigmoid colostomy on four occasions. (6) 


The sigmoidostomy was closed 18 months after treatment was begun. Nine months later 
volvulus occurred requiring laparotomy, (7) Resection of the remaining sigmoid and upper 


rectum was done six months later because of the presence of numerous polyps, and the 
ileum was implanted into the rectal stump. Pathologic examination showed malignant degen- 
eration in a polyp removed with the upper rectal segment. In July, 1941, diarrhea recurred 
and in August, 1941, five years after initial treatment was begun, dilatation of the lower 
rectal segment was required to relieve obstruction due to cicatricial contractions resulting 
from fulguration sears. Biopsy in October, 1941, revealed carcinoma in the rectum. (8) 


A combined abdominoperineal resection was then done and the patient died & months later. 
t 


CASE 2.—Treatment was as follows: (1) Fulguration to the rectum and rectosigmoid 


for a distance of 10 em. over a period of S months with delay in treatment for 8 months 
hecause of pulmonary tuberculosis, and (2) laparotomy with opening of the midsigmoid, 
fulguration of polyps, and end-to-side ileosigmoidostomy. (3) Right colectomy was performed 
6; weeks later. (4) Left colectomy down to the anastomosis followed 6 weeks later. (5) The 
remaining sigmoid was removed with ileoproctostomy 6 months later. The patient was well 


7 years after the last operation. 


CASE 3.—Treatment was as follows: (1) Cecostomy was performed for obstruction in 
the sigmoid due to carcinoma, Abdominoperineal resection with sigmoid colostomy followed. 
Three areas of malignancy were demonstrated in the specimen. Roentgenologic examination 
revealed numerous polyps throughout the remaining colon. The patient returned 314 years 
later with an extensive neoplastic process involving the left colostomy and the abdominal wall 


for which (2) complete colectomy was performed, 
Garner'® (1947) reported two patients treated by fulguration, colectomy, 
and ileoproctostomy. 


CASE 1.—Treatment was as follows: (1) A transverse colostomy was followed by (2) 


a Mikulicz type of resection for carcinoma of the sigmoid (done elsewhere). (3) A one-stage 
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colectomy and ileoproctostomiy were performed atter | fulvuratine polyps of the reetum 
months later. The patient was well 245 vears later. 

CASE 2. Treatment was (1) by repeated fulgurations of polyps of the rectum and 

(2) transabdominal removal of polyps over a period of four vears in other hespitals. (5) 

Colectomy and ileorectal anastomosis were performed after (4) again fulgurating rectal 

polyps. Early malignancy was found in the cecum, The patient was well 15 months afte 


the last operation. 


Maisel and Foot!” (1947) reported a ease of polyposis in which there was 
prolapse of the rectum. The patient was treated as follows: (1) a loop trans 
verse colostomy, (2) right colectomy and ileotransverse colostomy (7 weeks 
later), (3) perineal resection of the rectosigmoid preserving sphineter funetion 
by attaching the sigmoid to the anal sphincter (9 days later), and (+) closure 
of transverse colostomy stoma (4 weeks later). No mention was made of the 
method employed to remove polyps in the segment of transverse descending 
colon which was allowed to remain, Carcinoma was demonstrated in the ap- 
pendix and cecum. The patient was living at the time of the report, two months 
after operation. 

In addition to these summaries seven recent and consecutive cases of poly- 
posis in which the patients were treated by resection of the colon will be pre- 
sented. Four of these patients were operated upon by one of us (PLETE) and 
three by the other (D.P.S.).) In one patient sphineterie function was preserved 
by combining the use of cautery with colectomy. Three patients were treated 
by total ablation of the lerge bowel in stage operations, after unsuccessful at- 
tempts were made to preserve segments of the colon in two of these. In one 
patient ileostomy, total colectomy, and perincal resection of the rectum and 
anus were performed in one stage. In another patient total removal of the 
large bowel except for the cecum was made. The seventh case had only ab- 
dominoperineal resection of the rectum and sigmoid and is presented as a ques: 
tionable case of polyposis. All seven patients survived surgery and six are now 
living. 

CASE REPORTS 

CASE 1. 

History.—lL. W., a white man aged 26 vears, was admitted to the surgical service of 
the Cincinnati General Hospital on July 1, 1942, with a chief complaint of diarrhea and 
bloody stools of one year’s duration. For two months prior to admission there had been 
episodes of abdominal distention and left lower quadrant discomfort. 


The patient had been in’ good health until cne vear before admission, when diarrhen 


frequency ot four to five stools ad 


developed and increased to av, on occesions tinged with 
red blood. Two months before admission he had developed a feeling of distention and 
soreness in the left lower quadrant which periodically recurred and disappeared throughout 
the day. 

Since the onset of the symptoms one vear before, generel health had deteriorated con 
siderably with a weight loss of twenty-three pounds (135 to 112 pounds), an increasing feel 
ing of fatigue and weakness, and dyspnea which was brought on by moderate exercise, The 
only family history obtainable was that lis mother liad died of cancer of the intestine 
about twenty vears earlier, the exact site of which was unknown. 

Preoperative Study and Preparation.—Physical examination revealed a pale, thin young 


} 


man who appeared to be undernourished and underweight. He did not appear to be acutely 
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ill and the temperature, pulse, and respirations were normal. No abnormalities were noted 
on examination of the abdomen. The red blood cell count was 3,500,000; hemoglobin 9 Gm.; 
and repeated stool examinations were from 2 to 4+ plus positive to guaiae test. An occasional 
stool contained red blood. 

A barium enema with air contrast media performed on the day after admission revealed 
numerous oval filling defects throughout the region of the transverse and descending colon, 
There was an annular deformity at the splenic flexure. 

On proctoscopic examination a somewhat sessile and ulcerated polypoid lesion was 
found on the posterior wall of the rectum at a distance of 11 em. from the anal verge. This 
lesion was about 2 em. in diameter and was interpreted as being malignant on proctoscopic 
inspection and after microscopic examination, 

The patient was placed on a low residue diet, vitamins B and C were given, and the 
hemoglobin and red blood count were brought to normal levels with daily transfusions of 


W hole blood, 
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Fig. 1.—L. K., Specimen removed at second operation. 


Surgery.—On July 15, 1942, a laparotomy was performed through a long left rectus 
incision. Inspection of the bowel confirmed the présence of an annular lesion in the region 
of the splenic flexure, multiple polyps of the transverse colon, and numerous and large nodes 
in the regional mesentery of the left half of the transverse colon and the splenic flexure. 
There was no evidence of extension of carcinoma bevond the regional mesentery. The 
cecum and ascending colon revealed no pathology. A resection of the transverse colon in 
cluding the hepatic flexure and all of the left colon, rectum, and anus was then done, com 
bining a perineal excision with the abdominal one. A colostomy was performed at. the level 
of the ascending colon just below the hepatic flexure. The postoperative course was unevent 
ful and the patient was discharged from the hospital one month after operation. 

Pathology.—-Examination of the specimen revealed an annular carcinoma at the splenic 
flexure, a carcinoma of the rectum just below the rectosigmoid junction, previously identified 
on proctoscopie examination, and a third carcinoma just to the left of the middle of the 
transverse colon, In addition, there were numerous small polyps varying from 0.5 to 1.0 
em. in diameter extending from the reetcsigmoid junction upward and involving the left 
colon and the left half of the transverse colon, There were no polyps in the right half of 


the transverse colon. 
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Follow-up Study.—The patient was again admitted to the hospital on April 1, 1946 
(4 vears later), with a history of having experienced difficulty with control of the colostomy, 
The stools had become watery and loose and an offensive odor had developed which pre 
vented him from gaining employment. There had been an occasional appearance of blood 
with the stool and the patient had lost about ten pounds in weight. Polyps studded the 
mucosa of the colostomy. On April 29, 1946, through a transverse incision, the remaining 
portion of the colon and 6 inches of terminal ileum were resected and an ileostomy was 
performed, 

Examination of the specimen removed at operation (Fig. 1) revealed the presence of 
numerous sessile, hobnail-shaped polyps varying in size from 0.5 to 1.0 em. in diameter and 
elevated about 0.5 em. above the general level of the mucosa. The intervening mucosa was 
normal in appearance and there was no gross or microscopic evidence of malignancy. Pal 
pation of the liver and retroperitoneal structures at the time of this operation revealed no 
evidences of metastasis from the previously removed carcinomas. j 

Recovery was uneventful and the patient was discharged from the hospital 1 month 
after operation, after having been fitted with a Koenig-Rutzen bag. Periodic follow-up 
examination was made up to one year, eight months after the second operation. He had 
regained strength and weight and the ileostomy was being managed satisfactorily. 


Comment.—In this patient it was deemed advisable to resect the transverse 
colon, the left colon, rectum, and anus because of the presence of three malig- 
nancies, one in the transverse colon, one in the splenie flexure, and one in the 
rectum. The age of the patient and the preoperative condition after adequate 
preparation justified doing this procedure in one stage. The development of 
polyps in the remaining portion of the right colon apparently followed the earlier 
resection and produced symptoms which required the removal of the remaining 
portion of the colon and the establishment of an ileostomy. 


CASE 2.—J. R., a white woman aged 3: 


5 


the Jewish Hospital on Jan. 20, 1946, complaining of a diarrhea which had been slowly 


} vears, was admitted to the surgical service of 


progressing in severity for one year. The symptoms began with episodes of two to three 
loose stools per day not associated with tenesmus or bleeding. The course was characterized 
by remissions lasting for one or two weeks but each succeeding attack of diarrhea became 
worse, and for three weeks before admission the stools had increased to eight or ten per 
day associated with the passage of mucus and bright red blood, and with tenesmus. There 
had been a weight loss of fifteen pounds (185 to 120 pounds) in the two months before 
admission. Her brother (R. K., Case 5) had had a resection of the colon for polyposis at 
the Illinois Research Hospital ten months earlier. There was no other familial history to 
suggest polyposis or carcinoma of the colon. The patient was the mother of three children, 


aged 8, 12, and 15 years, who were apparently in good health. 


Preoperative Study and Preparation.—On physical examination the patient appeared 
slightly underweight but otherwise did not appear ill. Upon digital examination of the 
rectum, multiple small, sessile polypoid protuberances of the mucosa could be felt, beginning 
at a distance of 4 cm. from the anal verge. There was an area of ulceration in a polyp at 
a level of 7 cm. on the posterior wall of the rectum. A biopsy of this area revealed adeno 
earcinoma. Proctoscopic examination for a distance of 24 em. revealed innumerable areas 
of sessile nodules and other protuberances which were papillary in structure and pedunculated. 
The largest mass was in the sigmoid colon at a distance of about 17 em. and it was 
pedunculated and cauliflower-like, with an area of ulceration. The mass measured about 6 
by 3 em. Biopsy of this area revealed malignant change. Study of the colon with air 
contrast media revealed innumerable oval filling defects extending from the ileocecal junction 
to the rectum (Fig. 2). Laboratory data included the following: the red blood cell count 


was 4,230,000, the hemoglobin 13,2 Gm., and the white blood cell count was 4,200. Preopera 
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fesults of barium enema and barium with air contrast media. 














Specimen removed in one operative stage. 3 a, Enlargement of area A to show 
polyps. 
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tive preparation consisted of a low-residue diet and preparation of the bowel with ora 
Sulfasuxidine. 


» 


26, 1946, through a transverse incision extending into both flanks 


Surgery. On Jan. 
a total colectomy and abdominoperineal resection of the rectum and anus were performed 
in one stage with the establishment of an ileostoniy. 

Pathology.— Pathologic examination of the specimen removed at operation (Fig. 3) re 
vealed innumerable polyps, of which some were sessile and others pedunculated, extending 
from the ieocecal junction to the mucocutaneous junction of the rectum and anus. There 
was an area of carcinoma of the lower sigmoid and in the midrectal ampulla, as revealed) on 
protoscopie examination, There was no extension of polyp formation into the terminal 6 
inches of ileum which were removed at operation. 

Postoperative Course.—The postoperative course Was satisfactory for a period of five 
davs. The Miller-Abbott tube which had been inserted before operation was removed on 
the third day. On the fifth lay Clinical and roent renologic evidence of small bowel obstrue 
tion developed, and the Miller-Abbott tube was reinserted and removed 24 hours later. The 
ileostomy had functioned satisfactorily from the third to the fifth day, but when the Mille 
Abbott tube was removed on the sixth postoperative leas sVinptoms of small bowel obstruction 


vgain developed. On the eighth postoperative day exploration was carried out on the patient 


by reopening the right half of the abdominal transverse incision. A torsion of the ileum 
rotated on its axis to an angle of ISO degrees was found at the junction of the ileum with 
the abdominal wall. The distal four inches of ileum were resected and a new ileostomy was 
esteblished. The abdomen was close] with through-and-through silver wire sutures. The 
postoperative course was marked by a rapid pulse and a temperature of 100 to 101° F. but 
there were no signs of peritonitis. The pulse and temperature subsided in a period of five 
davs and the convalescence from that point was uneventful. The patient was fitted with 
a Koenig-Rutzen bag and was discharged from the hospital on March 3, 1946, five weeks 
after the initial operation. 

Follow-up.—Follow-up was carried out on the patient for two vears at regular intervals. 
] 


She regained full strength and weight, was entirely free of symptoms, and found the ileostomy 


care little burden with the use of the Koenig-Rutzen bag. ler three children were subjected 


to studies with barium enemas and air contrast media and sigmoidoscopy. They were found 
to be free of svimptonmis and liad no olbjective evidence of pathology, but they are beine 


examined at vearly intervals for the appearance of polyps. 


Comments.—In this patient there was preoperative evidence of malignant 
change in two polyps, one in the rectum and the other in the lower sigmoid. 
The presence of carcinoma in these areas precluded any plan of Jess radice! 
therapy than that which was done, total removal of the colon, reetum, and anus. 
The age, health, sex, lack of obesity, and course during surgery were all favor 
able for doing the operation in one stage. 


{ 


CASE 3. J. C., a white man aged 46 vears, was admitted to the surgical service of 
the Christian R. Holmes Hospital on Dee. 12, 1946, with a chief complaint of change to 
irregular bowel habit and red blood coating the outside of an occasional stool. The 
patient stated that for four months he had been havine two or three loose bowel movements 
each morning and an occasional one in the evenine as contrasted to the one morning 
bowel movement that he usually had before the onset of the dierrhea. Ile had noticed 
blood coating the stools on occasions for the past two months. There was no history 
of weight loss, the appetite lind remained good, and he had no abdominal or anal 
discomfort. There was no. familial history of disease of the large intestine. 

Preoperative Study and Preparation. On plivsical examination. the patient did) not 
appear to be ill and was moderately obese. There were no sbdominal findings of Importance, 
Upon digital examination of the reetum, a firm nodular mass was felt at the tip of the 


finger, Proctoscopic examination revealed an ulcerated polypoid mass on the posterior and 
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ight lateral wall of the rectum oatoa height of S em. and another similar mass oO ¢m. 


higher on the left wall of the rectum posteriorly at the level of the rectosigmoid junction, 


Kach of these was about 2 oem. in diameter and raised about To oem. above the level of 
the mucosa. Four other distinct sessile polypoid masses varying from 0.5 to bo oem. in 
size were visualized above this level. Specimens taken from the two uleerated areas for 
biopsy revealed adenocarcinoma, grade 3. The colon was studied with barium enema and 


contrast media but, other than a suggestive filling defect at the aren of the reetosigmoid 
junction, the remainder of the colon was negative to this examination, 

Surgery. -On Dee. 19, 1946, abdominal exploration Was performed through a lower left 
rectus Incision. Palpation of the liver, colon, and retroperitoneal structures revenled no 
pathology, except low in the area of the sigmoid colon where a omass could be felt) within 
the lumen. There was no evidence of extension through the serosa. A combined ab 
dominoperineal resection of the sigmoid, reetum, and anus was done, and a colostomy was made 
at the upper end of the sigmoid colon into the left lowen quadrant of the abdomen. 

Pathology.— Pathologie examination of the specimen (Fig. +) removed revealed the 
presence of the two ulcerating carcinomas in the areas described on proctoscopy, and in 
addition there were ten polyps varying from 0.5 to T oem. in size, extending from the 


upper rectum through the lower sigmoid colon, 
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Fig. 4.—J. C., Specimen removed at abdominoperineal resection. 
s Postoperative Course.—The postoperative recovery was uneventful and the patient was 
discharged from the hospital on Jan. 9, 1947, twenty-one days after operation, 
Follow-up. -The patient was seen at intervals varving from one to three months 
after operation, The colostomy was functioning satisfactorily and there were no symptoms 
of bleeding or diarrhea, On Dee. 1, 1947, one vear after operation, studies with barium 
enema and air contrast media and proctoscopic examination of the distal four inches of the 
eclostomy revealed no evidences of polyposis. 
Comment.—lIn this patient there was no familial history of polyposis and 


the area of involvement appeared to be confined to the distal segment of the 
left colon and to the rectum, For these reasons this ease is not clearly one of 
the familial form of polyposis, and development of polyposis in the remaining 
seements of the colon might not occur. Nevertheless, it is planned to study 


the remaining seements at intervals to deteet any future development of polyps. 
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CASE 4.—R. Y., a white woman aged 28 years, was admitted to the surgical service 
of the Cincinnati General Hospital on Aug. 21, 1947. The chief complaint was a bloody 
diarrhea of fifteen to twenty stools a day with the passage of much mucus. The onset 
of the symptoms was on March 25, 1947, five months before admission. This episode 
lasted for two weeks and then subsided. Three months later the patient had a recurrence 
of diarrhea lasting three days. She then became markedly constipated, requiring cathartics 
for bowel movements. Three days before admission diarrhea recurred, with the appearance 
of copious amounts of red blood with the stools. During the 4 months before admission 


the patient had lost twenty-five pounds in weight and had developed weakness and anorexia. 
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Fig. 5 imen removed at second operation. 
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In the 24 hours before admission she had experienced chilly sensations, had vomited, and 
become exhausted. 

The father of this patient died in the Cincinnati General Hospital on Sept. 14, 19385, 
at the age of 43 years, where he had been admitted for terminal care for advanced 
carcinoma of the colon secondary to polyposis. 

Preoperative Study and Preparation.—Physical examination revealed an emaciated, 
slightly cyanotic, and pale young woman who appeared markedly undernourished and 
acutely ill. The temperature was 99.6° F., the pulse was 110, and the blood pressure was 
SO systolic and 50 diastolic. On digital examination of the rectum, closely set multinodular 
masses were felt which were variable in size. A hard, raised, nodular mass was felt on the 
posterior wall of the rectum at a level of 6 em, from the anal verge. 

On sigmoidoscopie examination there were multiple polyps varying in size from 0.5 
to 1.0 em. beginning at the junction of the anus with the rectum. At the level of 5 to 6 
cm, there was a firm, raised, hemiannular, ulcerating mass which appeared neoplastic and 
which extended upward for a distance of about 4 em. From this point up to a distance 
of the limit of the sigmoidoscope (24 cm.) the wall was studded with multiple closely 
set polypi and an occasional area of ulceration. Biopsy of the hemiannular mass revealed 
adenocarcinoma, grade 2. Barium enema 18 days after admission showed numerous rounded 
filling defects which were scattered throughout the entire large bowel. 

The general appearance of this patient was one of desperate illness. She was 
placed on an intensive supportive regime which included the transfusion of whole blood, the 
intravenous administration of glucose and amigen, and the parenteral administration of 
vitamins B, C, and K, sulfadiazine, and penicillin. She was also given Sulfasuxidine by 
mouth. The diarrhea and fever subsided in about three days but the patient then refused 
oral feedings because of anorexia. Tube feedings were resorted to for a few days and she 
then began an adequate oral intake and was having from two to three loose stools a day. 
In all, the preoperative preparation extended over a period of five weeks. By this time she 
had gained in weight from SO to SS pounds, and the temperature, pulse, and respirations had 
hecome normal. 

Surgery.—On September 30, six weeks after admission to the hospital, combined ab 
dominoperineal resection of the rectum and anus was done. 

On December 12, 1947, 24% months after the resection of the rectum, the remainder 
of the colon was removed and ileostomy was done. The first operation was done through 
a left paramedian lower rectus incision and the second through a wide transverse incision 
extending from flank to flank. The patient withstood both operative procedures well 
and without shock. 

Pathology.—Pathologie examination of the first specimen revealed two areas of carcinoma, 


one in the rectum, measuring 3 em, in diameter, and one at the rectosigmoid junction, 


measuring 1.5 em. in diameter (Fig. 5, 4). The resected specimen contained numerous 
close-set polyps of which some were sessile and others villous in form. At the area of tran 


section, high on the sigmoid, the mucosa was studded with numerous polyps. Pathologie 
examination of the right transverse and descending colon showed disseminated polyposis 
identical to that found in the other segment (Fig. 5, B). There were no further areas 
of carcinoma. 

Postoperative Course.—The postoperative course after each stage of surgery was un 


eventful. 


Comment.—lf this patient had been seen a number of vears ago, before 
the advent of modern supportive therapy and chemotherapy, a preliminary 
ileostomy would have been required to put the colon at rest and overcome colitis 
due to secondary bacterial invaders. She was so ill that the load superimposed 
by the ileostomy might have resulted in death and certainly would have entailed 
additional risk. The long interval was allowed between abdominoperineal resee- 
tion and the later colectomy in order that the patient might gain in weight and 
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streneth. Pecause no area of carcinoma had been suspected from: barium enema 
with air contiast media above the level of the rectosigmoid, the delay seemed 
justified. One month after the second operation, the patient was fitted with a 
Koenle-Rutzen bag and was dischareed from the hospital. She is new in eood 
health and free of symptoms. 

CASE 9d. 

History.—R. K., a white man, aged 34 veers, was first admitted to the Surgical Service 
rand Educational Hospital in Chicago, on March 3, 1944. The patient’s chief 


complaint was of intermittent diarrhea with occasional bloody stools whieh liad been in 


at the Researe 


creasing in severity for a period of two vears. For the preceding three to four months the 
diarrhea and symptoms liad increased to the point where he was having continual bloods 


stools. Weight loss had been fifteen pounds, and the patient was weak and too il to work. 
Proctoscopic study of the colon showed diffuse polvpesis with an uleeratme lesion 

in the posterior rectal wall. Fluoros ‘Ople and double-contrast studies showed diffuse polyposis 
of the entire colon except the cecum. The ulcerating lesion on the posterior reetal wall, 
ecm, above the pectinate line, measured 4 em. cin’ diameter, and a biopsy showed an 
adenocarcinoma, grade 2. At the time ef this admission, no familial listory of carcinoma 


Ol polyposis of the colon could be obtnined from the patient. 


t 
Surgery. On Mare 2. 1944, a one-stage conibined abdominoperinedt resection of the 
lower sigmoid, rectosigmoid, and rectun wos done in the manner of the Mile’s procedure, 
At operation, there was no evidence of Ivmph node metastasis in) the mesosigmoid Ol 
retroperitoneally, and the liver was grossly free of evidence of metastatic disease, The re 
maining colon, which was not removed at this time, showed evidence of diffuse polyposis, there 
being present multiple sessile soft polyps throughout the entire colon to the cecum, A left, 
single-barrele | colostomy was exteriorized through a left stab wound incision, The patient ‘s 
postoperative course Was uneventful. Ile was observed for one year, end in that time no 
] ] 


evidence of recurrence was apparent. One vear later, therefore, the patient was readmitted 


to the Research Hospitel, and on Mare] 30. 1945, a subtotal colectomy Was done, removing 


the rest of the colon around to the cecum. At surgery there was no evidence of recurrent 


cancer in the abdomen. The cecum was exteriorized through a stab wound in the right 
lower rectus muscle. The patient’s postoperative convalescence was uneventful. 
Pathology.—The first specimen resected in’ Mareh, 1944, showed a carcinoma of the 


wd not penetrated through all the muscle lavers. 


rectum on the posterior wall) which 


The lesion measured 4 by 44 em. in diameter, and microscopically showed a grade 2 


adenocarcinoma. Lymph nodes examined were negative for evidence of metastic disease. 
The rest of the specimen showed a diffuse polyposis still benign. The second specimen 
resected one veal later, of the remaining portion of the colon around to the ceeum, showed 
diffuse polyposis, the mucosa being replaced by a diffuse velvety involvement by these polyps. 
Many areas examined microscopically showed atypical chanees which were interpreted 
as being distinctly ** precancerous, *” 

Follow-up  Study.—The patient was examined at regular intervals after the lest 
operation and showed no evidence of recurrent cancer. He regained weight, physical 
examination and blood count are normel, and he has been working daily und feels entirely 


well. 

Comment.—This patient is a brother to J. R. (Case 2), who was operated 
upon almost two vears later by one of us (PL. 1. TE), in Cineinnati. Occurrence 
of disease in this patient’s brother was the first evidence of a familial tendeney 
In this particular patient. In this man a cecostomy was done rather than an 
ileostomy for three reasons. First, the cecum was not involved with polyp 
formation; second, it was desired to preserve, as far as possible, the dehydrating 


function of the eeeum: third, it was felt that further recurrence of polyps could 
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he risked by regular exomination of this small seement through a proctoscope 
inserted into the cecostomy, and the fuleuration of polyps as they appeared 
could be easily performed. To date, no polyps have occurred in this remaining 


seoment of cecum. 


CASE 6, 

History. —C. S., a married white woman, 30 vears of age, was first examined in the 
outpatient clinic at the Research and Educational Tlospital in) Chicago, Mareh 29, 1945. 
Chief complaint at that time was bloody stools daily for the preceding five years.  Procto 


scopic and roentgenologic examinations of the colon at this time showed evidence of diffuse 


} 


polyposis of the colon with minimal involvement of the rectum, rectosigmoid, and right colon, 
Maximal involvement was ino the stemoid, descending, and transverse colon, Biopsies of 
numerous polyps were all benign, On three occasions the patient was admitted to the hospital 
for proctoscopie fulguration of the polyps. She became pregnant, and no further treatment 
was carried on during pregnancy. In October, 1944, the patient gave birth to a normal 
male infant. Following this delivery, she experienced increasingly frequent cramping pain 
in the abdomen. This gradually progressed, and patient developed a bloody diarrhea of ten 
to twelve liquid stools daily. She lost weight, and the course was rapidly downhill, the patient 
becoming weak from blood loss and weight loss, She wes aeain admitted to the hospital 
in March, 1945, for definitive treatment for the polyposis of the colon. 

Preoperative Study and Preparationn -Pliysical examination revealed a pale and thin 
white woman, who was distinctly undernourished and underweight. She was not acutely ill, 


and temperature and respirations were normel The pulse was 90 and up, because of a 
rather marked anemia. No abnormalities were noted on general pliysical examination, Re] 
blood count was 2,500,000, hemoglobin was S Gm., and the patient was having eight 
to ten grossly bloody stools daily. She was placed on nn low residue, high protem cliet 
with supplementary vitamins. She was also given sulfathaladine in the usual doses. On 
March 21, 1945, all polyps of the rectum and rectosigmoid for a distance of 24 em. were 
destroyed by fulguration through the operating  proctoscope. There were twenty-three 
polyps, singly and in clusters, destroyed. These polyps were small, sparse, and in’ scattered 
clusters, and it was possible to obliterate them completely. 

Surgery.—On Mareh 24, 1945, a laparotomy was performed under spinal anesthesia 


through a lower midline incision. Exploration revealed diffuse polyposis involving 





murticularly the upper sigmot and deseendinge and transverse colons around past the 
| : bt I 


splenie flexure into the ascending colon. The sigmoid colon was transected four inches above 
the peritoneal reflection, and the entire colon removed to the midascending colon. The blood 
supply of the cecum in the remaining segment was adequate, and the cecum was swung across 
the pelvis and anastomosed to the rectosigmoid by an end-to-end anastomosis, using a two 
laver technique with interrupted cotton in the external seromuscular suture. The patient 
made an uneventful recovery, and was discharged from the hospital fifteen days later. 

Pathology.—The resected specimen of the colon showed diffuse, multiple polyposis 
throughout the resected specimen, The distal end had no polyps, and there were burn 
marks for one and one-half inch above the resected line, showing that the resection was 
below the level of the previous fulguration through the proetoscope. The polyps faded out in 
the ascending colon, and there were none within one inch of the level of ‘transeetion through 
this area. The polyps were all benign, and none showed atypical changes, nor was there 
any evidence of carcinoma, 

Follow-up Study.——The patient regained her normal weight, and at the time of this 
report had two to three soft formed stools daily, without any evidence of blood. She was 
doing normal housework and felt entirely well. Frequent) proctoscopie examination showed 
a recurrence of one polyp one veal later in the mid-reetosiomoid. This was destroved Hy 
fulguration. Since then, no other polyps occurred. The anastomotic suture line can be 
Visualized, and a small portion of the ascending colon can be examined. There is no 


evidence of polyposis here so far, 
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Comment.—There is no familial history so far of polyposis in this patient's 
family. She has improved remarkably since the area in the colon containing 
the polyposis was removed. It is believed that it is a safe procedure to do an 
end-to-end anastomosis of this type, since the remaining colon can be visualized 
proctoscopically, and more completely roentzenologically at frequent intervals. 
Preservation of the cecum here was done, again, to preserve the dehydrating 
function. The surgeon felt that in this case an ileosigmoidostomy would have 
produced a diarrhea which would have been less of a relief than was ceco- 
sigmoidostomy. 

CASE 7. 

History.—M. 8., a white man aged 64 years, was admitted to the Presbyterian Hos 
pital in Chicago, in January, 1958. On Jan. 17, 1933 an exploratory laparotomy and a left 
sigmoid colostomy in preparation for a resection of a carcinoma of the rectum were done. 
On Jan. 31, 1933, several benign polyps were excised from the colostomy stoma. On Feb, 
2, 1935 a posterior resection fon carcinoma of the rectum was performed, In 1939 the 
patient developed an obstruction, and a carcinoma of the splenic flexture of the colon 
was found and removed by the obstructive resection procedure. This colostomy was late 
closed and the lower sigmoid colostomy remained as the functioning colonic stoma. 
The patient was hospitalized on several occasions in 1944 for drainage of abscesses around 
the stoma. In April, 1945, a transurethral resection of the prostate was performed, Shortly 
afterward it became apparent that another cancer was present involving the colostomy 
stoma with extensive involvement of the skin and muscle about it. The patient was in a 
very weakened condition from the continual suppuration and discharge about the colostomy 
and the recurrent cancer involving the abdominal wall about it. There were signs of 
beginning obstruction at this point. 

Preoperative Preparation.—Physical examination revealed a weak, poorly nourished, 


white man 64 vears of age, who was subacutely il. The daily temperature chart showed a 


range up to 101° and 102° EF. daily, with pulse varying around 95. Red blood count was 
2,000,000 and hemoglobin 9 Gm. Physical examination showed extensive searring of the 
abdominal wall, which was scaphoid, and showed evidence of marked weight loss. The 


left lower quadrant of the abdomen was involved with a nodular, gray, recurrent tumor, with 
multiple draining sinuses from abeesses about the colostomy stoma site. Biopsy of the 
») 


tumor about the colostomy showed an adenocarcinoma, grade 


g The patient was placed 
on a low-residue, high protein diet, and supplementary parenteral feedings of amina acids, 
glucose, and electrolytes were given, with daily transfusions to bring the blood count to normal. 
Sulfathalidine was administered in the usual doses. 

Surgery.—On May 8, 1945, an exploratory laparotomy was performed under general 
anesthesia through an incision in the midabdomen just medial to the area of involvement 
about the colostomy. In exploring the abdomen, two other carcinomas of the right transverse 
colon were found, but no involvement of the liver was apparent. There were multiple node 
metastases in the transverse mesocolon. Further exploration revealed that the extension 
of carcinoma about the colostomy was potentially reseetable. The distal loop leading from 
the double-barreled left sigmoid colostomy down to the peritoneal floor where the original 
posterior resection terminated was markedly distended because of obstruction at the 
colostomy external opening. This practically constituted a closed-loop obstruction. The 
howel was markedly thickened, and there was marked searring in the pelvie area. This 
distal loop was freed from its pelvie attachment through a rather difficult sharp dissection, 
and was brought out of the abdomen. The entire colostomy area was then removed by 
sharp dissection, removing full thickness of the abdominal wall for a rather wide area. 
A subtotal colectomy was then performed in one stage around to the cecum. Nothing 


could be felt in the cecum, and since its blood supply appeared to be adequate, the colon 
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was removed to this point and the cecum was exteriorized through a stab wound in the 
right lower rectus muscle. At the time of this procedure, the only evidence of metastatic 


disease was in the lymph nodes of the transverse mesocolon, and as far as could be 


determined, these were removed completely. Closure of the abdominal wall was very 
difficult, because a large portion of the left lower quadrant had been removed. A through 


and-through single-layer closure, however, was effected under marked tension. The patient’s 
postoperative convalescence was stormy, but better than had been anticipated, Antibiotics 
parenterally and continuous intestinal decompression provided the margin that probably 
allowed for recovery, The wound healed slowly, and by second intention, and one uleerating 
aurea required skin grafting at a later date, which was done uncer local anesthesia 5 
weeks after the laparotomy. 


Pathology.—The specimen showed carcinoma involving the left lower sigmoid colostomy 


stoma, and extending widely into the surrounding abdominal wall tissue. As far as could 
be ascertained, the extension was removed completely. There was a second carcinoma in 


the distal segment, below the peritoneum, which had not been recognized at surgery 
because of the thickening of the colon in this distal loop. The two carcinomas in the right 
transverse colon which had been observed at surgery showed a typical fungating and 
ulcerated polypoid grade 2 adenocarcinoma. There was a third carcinoma at the hepatie 
flexure which had not been recognized at surgery. This was a rather small lesion measuring 
3 em. in diameter, whieh was definitely malignant, The rest of the specimen showed many 
pedunculated polyps measuring up to 2 cm, in diameter. Examination of many of the polyps 
showed three of them to have definite carcinomatous changes, whieh were not reeognized 
grossly. The polyps showed varying degrees of atypism. 

Follow-up Study—The patient survived the operation, gained weight, and felt quite 
well for five months. A recurrent mass developed in the right lower abdomen, medial to 
the cecostomy, in the fall of 1945, This was fixed and hard. It was obviously recurrent 
eancer, The patient’s course was rapidly downhill, and he died Nov. 30, 1945. 

Autopsy Examination.—Autopsy examination of the body showed multiple liver 
metastases which were the ultimate cause of death, with multiple intraperitoneal and_ retro 
peritoneal node metastases from adenocarcinoma, 

Comment.—This ease is an example‘of multiple polyposis which demon- 
strates the extreme tendency of this disease to produce carcinoma of the colon. 
Over a period of fifteen years this patient had at least eleven separate adeno- 
carcinomas of the colon which obviously arose on the baekground of the pre- 
existing diffuse polyposis. We were unable to obtain from his family any his- 
tory of a familial tendeney, as there are no siblings or other relatives so far 
who have developed polyposis or cancer of the bowel. 


GENERAL ANALYSIS OF CASES 


These seven case reports, added to the preceding summaries, make a total 
of thirty-five cases of polyposis (reported in the American literature since 19380) 
in which attempts at surgical cure had progressed to the point of removal of 
portions of the large bowel (Tables I and II). Upon examination of the sum- 
maries, considerable variability is noted in the chronologic order of the surgical 
procedures used to accomplish end results. In some cases the variations were 
necessary because of manifestations of the disease peculiar to the individual. In 
others they were caused by failure of the first operator to appreciate the dis- 
seminating and premalignant qualities of the disease, attention at first being 
directed to segmental resection. In all eases the only two methods resulting in 
cure were total ablation of the large bowel and external ileostomy, or total colee- 
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TABLE I, 


PROCEDULI AND CHRONOLOGY Of 
STAGES 
Lleostomy, colectomy, fuleuration, 
il Oslg@mMoldostomy 
Heostomy, fulguration, 


Rankin ) 


colectomy 


Fuleuration, right colectomy and 
ileosigmoidostomy, left 
fulguration 
sigmoid ¢ ostomy 

colectomy, and 


Mayo and 


Fulguration, right 
ileosigmoidostomy 
Wakefield ) 


Fulguration, colectomy, and 


ileosig 
moidostomy Jones ) 

Fulguration, colectomy, and ileo 
Hickman ) 
Fulguration, colectomy, and ileo 
recul 


sigmoidostomyv 


sigmoidostomy, fulguration 
rent polyps (Lahey ) 
Fuleguration, ileosigmoidostomy and 


colectomy, fulguration, removal oft 


ceecum 

Fulguration, laparotomy, and incur 
ability (palliative resection 
Fulguration, ileosigmoidostomy, anid 
colectomy Pfeiffer and Patter 
SontL) 

Fulouration, ileosigmoidostomy, 
colectomy (Pugh and Nesselrod 
Fulg 
right colectomy, left colectomy, 
fuleuration through sigmoid colos 
tomy, closure ot sigmoidostomy, re 


uration, ileosigmoidostomy, 


section of sigmoid and ileoproe 


tostomy for carcinoma, resection 


of rectum for carcinoma 


Fulguration, ileosigmoidostomy, 
right colectomy, left colectomy, 


resection of sigmoid, and ileoproc 
tostomy (Guptill) 


Fulguration, colectomy, and anas 
tomosis of cecum to rectosigmoid 
Hoxworth and Slaughter) 
Resection of sigmoid, fulguration, 
ileosigmoidostomy, and colectomy 
(Pfeiffer and 


Transverse colostomy, resection of 


Patterson ) 
sigmoid, fulguration, colectomy, 
and ileoproctostomy 

Fulguration, transabdominal re 
moval of polyps, fulguration, total 
colectomy, and ileoproctostomy 
Gardner 


SURGERY 


\ 


colectomy ’ 


from above, closure of 


SURGERY 
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Wir 


MBER 
O} 


AGES 


ine, 


KULGURATION 


LOCATION 
INTERV AI Of; 
BETWEEN CAR 
CINOMA 


None 


STAGES 


15 mo. 


None 


} MO, 


Not None 
stated 


Not None 
stated 


Noné 


None 


Not None 
stated 


t yt None 
lv Rectum 
| mo. None 


None 


» mo. 


os yr. Rectum 
21 mo. None 
oS yr. None 


Sigmoid 
& rectum 


15 mo. 


Midsig 


moid 


+ mio, 


Cecum 












































RESUL'I 
(AT TIME OF 
REPORT ) 


Living 2 yr. 


Death from = peri 
tonitis and pul 
monary 
attributed to in 


secure closure of 


embolism 


sigmoid stump 
due to polyps 


Livine 6 mo. 


Death 2 days after 
laparotomy for 

intestinal obstrue 
tion after stage 2 
Death 
noma with metas 
yr. later. 


from care) 


tases Z 


Living 12 vr. 


Living 10 yr, 


Living 1 vr. 


Death 4 days 
after resection 


Living 1 yr. 


Recovered 


Death from metas 
tatie carcinoma 
1 vr. later 


Living 7 yr. 


Living 2 yr. 


Recurrence of car 
cinoma on rectal 
examination 


Living 21% yr. 


Livine 15 mo. 
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TABLE IT. SURGERY WITHOUT FULGURATION 


NUMBER] INTERVAL LOCATION RESULTS 
CASI PROCEDURE AND CHRONOLOGY Ol BETWEEN a), AT TIME Ol 
NO, OF STAGES STAGES STAGES CARCINOMA REPORT 
IS Hleostomy, colectomy, rectal resec 3 74 mo. Rectum Death 11 mo. 
tion 
19 lleostomy, colectomy, rectal resec 2 ot mo. Rectum Living 3 yr. 
tion 
20 lleostomy, colectomy, rectal resec 3 G mo. None Recovered 
tion 
21 lleostomyv, colectomy, rectal resee 4 o> moO. None Living | yr. 
tion (Rankin ) 
pep Ileostomy, rectal resection, colec 3 G mo, Rectum Living 3 yr. 
tomy (Scarborough ) 
a lleostomy, colectomy, rectal resec a ) mo, None Recovered 
tion (Pueh and Nesselrod ) 
24 Rectal resection, colectomy con 2( 7?) ? (4+)sig ? 
templated (Lahey ) mold ree 
tum, «& 
colon 
20 Riglit colectomy, left colectomy, 2 o mo, None Recovered 
rectal resection (Wilensky 
26 Rectal resection, colectomy z > mo. Rectum Living 5 vr. 
21 Rectal resection, colectomy (Millet rs 1 mo, Colon, Living 7 vr. 
and Sweet ) sigmoid, 
rectum 
28 Rectal resection, colectomy Gup 2 13 yr. Rectum & Cancer of abdom 
till ) sigmoid inal wall at time 
>) of colectomy 
29 Sigmoid colostomy, rectal resection, | LZ yr: Colon, sig- Death 6 mo. from 
resection of splenic flexure, colec mod, & metastatic cal 
tomy to cecum rectum cinoma 
0) 
30 Resection transverse, left colon and 2 + yr. Transverse Living 2 yr. 
rectum, right colectomy siemold 
rectum 
od] Rectal resection, colectomy deferred Zt) : Rectosig Living 1 vr. 
moid, ree 
tum 2 
oo Rectal resection, colectomy 2 24 mo. Rectosig Living 2 mo 
moid, 
rectum 
») 
we Rectal resection, colectomy to cecum 2 I vr. Rectum Living 2 vr. 
od Resection of colon, rectum, and anus l None Rectum Living 2 yr. 
(Hoxworth and Slaughter) 
ae Colostomy, right and colectomy, re | mo, ri Living 2 mo. 
section rectosigmoid with attach Cecum, & 
ment to sphincters, and closure of appendix 
colostomy stoma 
TABLE II] 
FACTORS FAVORING TOTAL ABLATION FACTORS FAVORING SPHINCTER PRESERVATION 
1. Presence of carcinoma in rectum or ree 1. Absence of carcinoma in reetum o1 
tosigmoid rectosigmoid 
2. Closely set polyps with marked hypet ”. More sparse distribution of polyps in lowe1 
plasia and ulceration segment 
ae Improbability of prolonged follow up oe Cooperative patient and facilities for pros 


studies on the lower segment longed follow-up 
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tomy and ileosigmoidostomy (or ileoproctostomy) combined with fulguration 
ot the lower segment (Fig. 6). A review of the experiences encountered in these 
thirty-five cases should aid in the establishment of a more lucid concept of the 
surgical treatment of polyposis. 

It will become apparent as the discussion progresses that no attempt should 
he made to hold one method of treatment in favor over the other, except as 
applied to the individual patient. The method which preserves sphincter fune- 
tion is to be preferred provided rigid conditions for its safety are established. 
Otherwise, it probably should be disearded in. favor of the other plan. 
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Fig. 6.—Diagrams showing end stages of the two methods of treatment. A, Total ablation; 
B, colectomy with ileosigmoid anastomosis. 


Total removal of the large bowel is the method of choice if there is indis- 
putable or even questionable evidence of carcinoma of the rectum or lower 
sigmoid colon. Even those who favor preservation of the sphinecterie mechanism 
in patients with cancer of the rectum probably would not care to precede 
ileoproctostomy by fulguration of polyps in close proximity to the cancer. Total 
removal might also be preferred if the rectum exhibits closely set polyps with 
marked hyperplasia, ulceration, and secondary infection. Under these condi- 
tions areas selected for biopsy may not be representative and carcinoma can be 
overlooked (Table ITT). 

Total ablation may be done in one or multiple stages depending upon the 
health, age, sex, and obesity of the patient, and his course during surgery. One 
case in which these conditions were suitable for operation in one stage has been 


presented (Case 34). The summary of these cases indicates that if cancer of 
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the rectum is present and stave operations are employed, resection of the lower 
segment by combined abdominoperineal approach should be done as the first 
stage without preliminary ileostomy, if the patient can be adequately prepared 
and there are no signs of obstruction. At this stage resection should be carried 
proximal to the point of other carcinomas suspected by roentgenologie evidence 
or found on laparotomy (Case 80). Colectomy and ileostomy may then be 
done as a second stage. Results obtained by use of this method have been 
excellent (Cases 26, 27, 28, 30, 33, and 34). 

The review indicates that use of preliminary external ileostomy in patients 
known to have carcinoma of the sigmoid or rectum is generally undesirable, be- 
cause of the long interval imposed by waiting for systemie adjustment or by 
management of local complications of the ileostomy before curative resection 
can be done. In six instances in which ileostomy preceded rectal resection the 
average interval between the two procedures was 6 months, 314 months being 


the shortest and 9 months the longest (Cases 18 to 23). In three of these cases 





cancer of the reetum was identified before ileostomy was performed (Cases 
18, 19, and 22). 

The object in producing an ileostomy is to effeet improvement in the general 
health of the patient and in the local condition of the bowel (in order to 
facilitate handling) by defunctionalizing the colon. For a considerable period 
of time improvement in health is delayed because of the additional burden placed 
upon the patient by the abnormal loss of essential elements of nutrition until 
adjustment is made. Admittedly this is still a necessary imposition in. the 
sureical management of many cases of diseases of the colon which are primarily 
inflammatory. Secondary inflammation in polyposis of the colon probably ean 


now be controlled satisfactorily in most instances by the use of oral feedings of 





suitable content, combined with an intelligent use of chemotherapy, intestinal 
intubation, whole blood, and other forms of parenteral feeding. In turn, appliea- 


tion of these measures increases the scope of surgery that can be performed in 
one stage, and results in fewer stages and contracted intervals of treatment. 

While long intervals of delay between rectosigmoid resection and completion 

of the colectomy are not desirable (Cases 28 and 29), not as much risk is en- 

tailed as when there is delay in resecting the lower segment. This is apparent 

, upon serutiny of the incidence and location of cancer in the tabulated cases. 


Cancer was present in the rectum, rectosigmoid, or lower sigmoid in seventeen of 
the thirty-five patients (see Tables T and IL). In seven, caneer was identified 
proximal to the rectosigmoid area, and these were accompanied by cancer of 
the lower segment in four instances (Cases 24, 27,29, and 80). In three patients 
cancer was present in the proximal areas without involvement of the lower see- 
ment (Cases 16, 17 and 35). 

The method which combines fulguration with surgery was employed with 
considerable success in seventeen of the thirty-five summarized cases. Analysis 
of the reports may point to the factors which influence its success or failure and 
aid in establishing its limitations. Obviously preference should not be given 
this method in any patient unless the possibility of cancer in the reetum or 
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lower sigmoid ts eliminated alter a careful search, The presence of cancer here 
in seventeen of the thirty-five cases indicates the close observation which must 
he accorded this seement if it is allowed to remain. 

In four of the seventeen petients treated Hy this method, death resulted 
from cancer of the rectum in from one to six vears after fulguration was begun 


(Cases 5, 9, 12, and 15). In one of these (Case 5) fulguration was repeated 


Over a hour-Vvear period, after which colectomy and ieosigmoidostomy were 


done; the patient died two vears Ieter of carcinomatous metastases. In another 


(Case 9), fulguration preceded laparotomy by one vear and a palliative resee 
tion was done. In the two others there were intervals of 515 vears and 15 
months between fule@uration and colectomy with ileostemoldostomy (Ceses 
12 and le 

Failures which result from the use of this method are not necessarils in 
dictments of it, since they ean be attributed to various other factors. Certain 
criticisms of the method as it has been applied, however, appear to be justified 
after careful examination of the case reports. 

Before it is decided to fuleurate rather than to remove the lower sigmoid 
and rectum, the presence of cancer should be excluded by careful study of the 
OLTOSS morphology, of the mucosa well hevond the rectosigmoid region and of the 
microscopic anatomy of sections obtained from representative areas. Early 
carcinoma in situ. may be difficult to recoenize, 

‘ 


The presence of closely set polyps increases the difficulty of interpretation 


and markedly prolongs the interval required for cautery destruction and heal 


Ing. Persistent attempts to adhere to programs of cautery when polyps are 
closely set may result in perforation or leakege of the stemoid stump after 
closure (Cases 2 and 12). Interruptions in the treatment in some instances are 


due to unwillingness of the patient to submit if a large number of cautery pro 


cedures are required, particularly if incomplete removal results in symptomatic 


improvement, 

Ten of the seventeen petients with internal ileostomies were reported as 
living and without evidence of recurrence of carcinoma in trom six months to 
twelve vears alter operation (Cases 1, 3. 6, 7, 8, 10, 13, 14, 16, and 17). Inter 
vals between fulguration and colectomy in these cases varied from three months 
for the shortest to four Vears for the loneest. le ftort in the futtre to reduce 
the interval of time between fulguration and colectomy should result in a ereater 
percentage of cures. Once the rectum is freed of polyps and ileal anastomosis is 
made, repeated examination of the lower seement for blopss and ftuleuration 
of recurrent polyps Is Imperative 

Beeause of the differences in the indications for their use, the small numbet 
of cases in each serics, and the short period of follow-up, no attempt should be 
made to contrast results obtained in the use of the two accepted methods for 
treatment of poly posts. 

SUMMARY 


The features distinguishine polyposis of the colon as a disease entity are 


its tendeney to occur in certain families, the diffuse involvement of the colon 
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with polyps, and the propensity of the lesions early to undereo malignant chanee. 
lt can be differentiated from the more frequent occurrence of isolated polyps, 
eaneer, ane Infiammators diseases of the colon and reetum I) a careful history, 


‘ter barium and 


stool examinations, sigmoldoscopy, and rocnteenologic study a 
air enemas, 

Cure of polyposis depends upon its recognition as a disease entity and its 
differentiation from other diseases before surgical management is) planned. 
Failure to do this may result in inadequate treatment. Surgery should) be 


directed towerd either total ablation of the large bowel or total colectomy and 


ileosiemoid (Zeorecte!) anastomosis combined with fuleuration of polyps in the 
preserved sceement. 

An analysis of the thirty-five cases presented in which operation was done 
points to factors to be considered in both the choice of the method to be used 
and the chronology of the stages ¢ mploved, 

Marly recognition of the disease and the increased amount of surgery thet 


can be performed in one stave because of modern therapeutic adjunets to in 


testinal surgery combine to give an improved PrO@NOSIS il polyposis of the colon. 


REFERENCES 


1. Dukes, Cuthbert: The Uereditary Factor in Polyposis Intestine, or Multiple Adenomata, 
Cancer Rev. 5: 241-256, 1930. 

>> Mavo, C. W., and Wakefield, E. G.: Disseminated Polyposis of Colon; New Surgical 

" Treatment in Selected Cases, J. A. M. A. 107: 342-348, 1936. 
Lockhart-Mummery, J. P., and Dukes, C. Ee: Familial Adenomatosis of Colon and Reetum ; 

Relationship to Carcinoma, Langet 2: 586-089, 1959. 

t. Fitzgibbon, G., and Rankin, F. W.: Polyps of the Large Intestine, Surg., Gynec, & Obst. 

52: 1136-1150, 1931. 

J Snint, ao. tee Polvpi of the Intestine, Brit. a sure. 15: 99-119. 1927. 

6. Lockhart-Mummery, J. P.: Causation and Treatment of Multiple Adenomatosis, Ann. 
Sure. 99: 178-184, 1954. 

7. Rankin, F. W.: Total Colectomy:; Its Indication and Technic, Ann. Sure. 94: 677-704, 
1O31. 

S. Rankin, F. W.: Colectomy for Adenomatosis and Pseudopolyposis; 5 Additional Cases, 
Ann. Sure. 102: 707-725, 1935. 

9, Miller, R. H., and Sweet, Ro o.: Multiple Polwposis, Familial Disease, Ann. Surg. 105: 
511-315, 1937. 

10. Searboroueh, Roo A.: Colectomv for Multiple Polvposis; 2° Cases, Tr. Am. Proect. Soe. 
38: 202-209, 1937. , ea 

ll. Jones. T. B.: SI reient Treatment of Polvposis, S. Clin. Nort Amerien 19: 1135 1139, 
1939, 

2. Hickman, (. C.: Colectomy for Polyposis of Colon, Climes 3: 1066-1071, 1944. 

Lahey, F. H.: Polyposis, Lahey Clin. Bull. 4: 150-155, 1945. 

1. Pfeiffer, D. B., and Patterson, F. M. S.: Congenital or Hereditary Polvposis, Ann. Sure. 
22: 606-624, 1945. 

Lays Pugh, H. ie and Nesselrod, is Ps Multiple Poly poid Disease OT the Colon and Rectum, 
Ann. Surg. 121: SS-99, 1945. 

16. Wilensky, A. O.: Total Colectomy for Polyposis With Carcinomatosis Degeneration With 
a Note on Postoperative Care, SURGERY 17: 630-634, 1945. 

17. Guptill, P.: Familial Polyposis of the Colon, SURGERY 22: 286-504, 1947. 

IS. Gardner, C. MeG.: Multiple Polvposis of the Colon, Paper presented at the Central Surei 


eal Association, Chicago, Tll., Feb. 21, 
19. Maisel, B., and Foot, N. C.: Multiple Polvposis of the Colon With Malignant Change 


Involving Colon and Appendix, Ann. Surg. 126: 262-269, 1947, 


1O17 
1S4/. 











a agg 











RESECTION OF RECTUM AND RECTOSIGMOID WITH 
PRESERVATION OF THE SPHINCTER FOR BENIGN 
SPASTIC LESIONS PRODUCING MEGACOLON 


AN EXPERIMENTAL STUDY 


ORVAR SWENSON, M.D... AND (BY INVITATION) ALEXANDER H. Biri, JR. M.D., 
Boston, Mass. 


(From the Surgical Research Laboratory, The Children’s Hospital, and Department of 


Surgery, Harvard Vedieal School) 


WENTY patients with a elinical diagnosis of Hirschsprung’s disease, or 

congenital megacolon, have been studied at The Children’s Hospital in the 
course of the past two years. By the use of special roentgenologie technique it 
was possible to demonstrate, in all of these patients, an area of spasm in the 
rectosigmoid or rectum at the lower limit of the area of dilatation of the colon 
(Fig. 1). The technique used consisted of the slow instillation of a barium 
enema under fluoroscopic observation until the lowest portion of dilated bowel 
was seen. The flow of barium was then stopped and the bowel was manipulated 
through the abdominal wall with the patient under the fluoroscope. The area 
of spasm could then be demonstrated without being obscured by the overlying 
filled and dilated sigmoid (Fig. 2 

The disease was characterized in all the children by severe constipation, 
with bouts of obstipation, dating back to early infaney and tending to become 
more severe and distressing as the children grew older. Malnutrition in varying 
degree was present. The length of bowel involved and the degree of spasm 
probably account for the variations in the severity of the disease. 

In the milder cases, treatment with a regime of Mecholyl, mineral oil, and 
enemas, as suggested by Law,' has been successful. In the more severe eases the 
use of Mecholyl has caused violent, ¢ramp-producing peristalsis, often visible 
through the abdominal wall. This hyperactive peristalsis has been insufficient 
to propel the fecal stream through the area of spasm in the bowel in some of 
the patients. In six of the patients, colostomies above the area of spasm were 
lifesaving measures and completely alleviated the svmptoms. In three of these 
last patients, closure of the colostomy was attempted. In each of the three 
eases the closure was followed by recurrence of obstruction, and full relief was 
obtained only by re-establishing a colostomy. 

In the severe form of the disease we felt that excision of the spastic area 
of bowel, with re-establishment of bowel continuity, would offer a satisfactory 
means of treatment. However, total excision of the area of spasm may require 
removal of bowel down as far as the anus because the pathologie bowel fre- 
quently extends to this point. The conventional abdominoperineal resection 
with permanent destruction of the anal sphincter has obvious disadvantages in 
the treatment of this benign lesion in a child. A method of resection which 
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SWENSON AND BILL, JR. RESECTION OF RECTUM AND RECTOSIGMOID — 215 
permitted removal of the rectosigmoid and rectum, with preservation of the anal 
sphineter, was conceived and is deseribed herewith. 

Historically, removal of the reetum with preservation of the anal sphincter 
function has been claimed by the proponents of various operations. Among the 
first of these was Kraske,? who in 1885 advocated an approach posterior to the 
anus. Removal of the coceyx made possible resection of the reetum and end- 
to-end anastomosis of the bowel. <A similar perineal approach was described by 
Hochenege® in 1889. In executing the second part of this operation the sigmoid 
was simply pulled through the intact anus and was left protruding without 
heing sutured. An abdominoperineal technique was used by Maunsell* in 1892 
and Weir’ in 1901, with the added steps of (1) inverting the lower remaining 





Fig. 1.—Roentgenogram of patient with rectosigmoid spasm after injection of small 
amount of contrast media into rectum. 

Fig. 2.—Roentgenogram of patient with condition similar to that shown in Fig. 1 in 
which the large bowel has been filled with contrast media obscuring the area of spasm of 
rectosigmoid. 


segment of bowel and pulling the proximal segment out through this, and of 
(2) anastomosing the two ends of bowel with one layer of interrupted sutures. 
This was essentially the same plan that we had evolved, with the difference that 
we proposed to extend the resection down to the sphincter, and to make an 
aseptic anastomosis with two layers of fine, interrupted sutures in the hope of 
minimizing the development of stricture. 

No experimental work had been done in regard to the latter type of pro- 
cedure. Therefore, it was felt advisable to try this operation on a series of 
dogs to determine (1) if leakage and sepsis at the suture line would be a prob- 
lem; (2) if sphincter control could be maintained; and (3) if strietures would 
develop at the line of anastomosis. 




















SURGERY 


ENPEREMIENTAL WORKS 


Fifteen dogs were operated Upon Hy the technique deseribed here, All dogs 
used were healthy female adults, of varying sizes. Preoperative preparation 
consisted of withholding foods and fluids for twelve hours. No attempt was 
made to cleanse the lower intestinal tract. Intravenous nembutal was used as 
the anesthetic agent. Strict asepsis was observed throughout the operation and 
no chemotherapy or parenteral fluids were used before, during, or after operation, 

The abdomen and perineum were shaved and prepared with Zephiran and 
aleohol, and a midline abdeminal incision was made extendine from the sym 
physis to the mid-abdomen, 

The bladder was retracted toward the symphysis, as Was the uterus, The 
sigmoid was brought into the field and the pelvie peritoneum divided at its 
reflection from the rectosigmoid (Fig. 3, 7). The rectosigmoid and rectum were 
freed completely from all attachments in the pelvis down to the anal sphincter, 

The bowel was divided between clamps with a earbolie knife, as low in the 
pelvis as possible, and the two ends were turned in, using two lavers of fine silk 
sutures (Fie. 3, 2). The ends of the silk were left long and tied together so 
that the two ends of bowel were attached by these pieces of silk, each 10 em. 
in leneth (Fie. 3, 3). The abdominal ineision was closed in’ lavers, using 
Interrupted. silk. 

The dog was then placed in the lithotomy position, and an Allis forceps, 
inserted through the anus, was used to grasp the rectal pouch and pull it out 
into view through the anus (Figs. 8, 7,5). The whole perineal field, including 
the everted mucosa of the rectal pouch, was next cleaned, using alternate sponges 
of Zephiran and alcohol (Fig. 4, 6), and drapes were applied. 

With the reetal pouch everted and surgically prepared, an incision was 
made ll, em, from the anal skin in a transverse direction through the rectal 
wall (Fie. 4,7). This ineision gave access to the pelvie cavity and through it 
the silk suture to the proximal segment of bowel could be reached and the end 
of this segment pulled down into view (Fig. 4,8). The proximal and distal 
howel were then in approximation, with the upper segment telescoped into the 
lower segment like a finger in a glove (Fig. 4, 9 

A suture line of interrupted black silk was then started between the mus 
cular coat of the everted rectum and the muscular coat of the upper bowel. 
The lower pouch was cut off as the sutures were placed (Fig. 5, 70). Completion 
of this suture line sealed off the pelvic cavity from future contamination from 
the operative site. The proximal bowel segment was opened and a sponge soaked 
in aqueous Zephiran was inserted into its lumen to prevent the flow of bowel 
contents into the operative field (Fig. 5, 77, 12 

The mucosa was approximated with interrupted 0000 chromic catgut sutures, 
which were placed as the silk sutures were cut (Fig. 5, 73, 74). After the 
mucosal sutures were tied and eut, the Zephiran pack was removed and the 
protruding bowel and its suture line replaced through the anus into the pelvis 
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Table I shows the results. 
It will be seen that of the fifteen dogs operated upon, twelve lived and had 
normal bowel control. Nine were sacrificed on an average of fifteen weeks post- 


operatively, and in each case the anastomosis was found to be well healed without 


stricture (Fig. 6). Three animals are still livine and well. Two of the animals 
is \ 
© WI NLz 7 
yy} 
Cutting 
Fst GE rectal mucosa 





Fig. 4.—6, The lower segment of bowel has been everted through the anus and is being 
prepared with Zephiran and alcohol sponges. 7, A transverse cut 2 cm. from the anal skin is 
made through the bowel wall. 8. The silk sutures are grasped and the proximal bowel is pulled 
through the anus and the opening in the lower bowel. 9, The relationship of the proximal and 
distal bowel segments is shown in this cross sectional drawing. 
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did not recover from anesthesia after the operation had been satistactorily 
completed. 
anastomosis, three weeks postoperatively. 

We felt that our results were encouraging, especially in view of the fact 


One animal died of sepsis and peritonitis, with a breakdown of the 


that no preoperative preparation of the bowel was done and no chemotherapy 
| : 
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through the muscular coats of the two 
segment of bowel. 1/2, A gauze pack 
mucosa is approximated by inter- 
placed. 


Fig. 5.—J/0, Interrupted silk sutures are placed 
segments. J/1, An opening is made in the proximal 
inserted to prevent gross contamination. 1/38 and 14, The 
rupted chromic catgut sutures. The silk Sutures are cut as the mucosal sutures are 
15, The anastomosis has been pushed back through the anus. 
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used. We were impressed by the facet that the dogs had normal postoperative 
howel control and habits, beginning in the immediate postoperative days, and 


that no stricture developed in any of the nine animals sacrificed (Fig. 6 





Fig. 6. Photograph of two specimens removed from animals three months after opera- 
tion. The line of anastomosis, indicated by the white arrows, shows no infection or stric- 
Ture. 


On the basis of our experimental work, the method deseribed Was used on 
one ¢hild, His history follows. 
CASE REPORT 


J. M., a boy 6 vears, 9 months of age, had intermittent constipation and obstipation of 


increasing severity since birth. He was admitted seven times to The Children’s Hospital fou 
this disorder, starting at the age of 14 months, when he was first completely obstructed by 
impaction of feces in a megacolon, Conservative treatment gave increasingly poor results. 
\ megacolon above a spasm of the rectosigmoid and reetum was repeated] demonstrated by 
X-ray examination, The spasm extended from the low sigmoid downward to the anus. 

At the age of 444 vears, a new bout of obstruction required a sigmoidostomy, ‘The 
sigmoidostomy was closed sixteen months later and was followed by recurrence of the 
Obstipation. Spinal anesthesia, lumbar sympathetic block, and Mecholvl] were of no avail 
in either relaxing or overcoming the spasm. Re-establishment of a colostomy completely 
relieved the symptoms once again. 

Finally, at the age of 6 yvears, 9 months, it was decided to excise the area of spasm, 
using the technique worked out in the laboratory..s The patient was admitted and the 
operation was performed with a transverse colostomy still functioning, The amount. of 
bowel to be removed was determined by the fact that the bowel down to the old sigmoid 
ostomy was known to function normally. Therefore, resection was planned to extend from 
above the site of sigmoidostomy to the anus. The area of attachment of the old sigmoid 
ostomy was freed, and the bowel below it was dissected down to the anal sphincter, The 
superior hemorrhoidal vessels were divided at the promontory of the sacrum, and the 
middle hemorrhoidal vessels were also cut. The bowel was then divided just above the site 
of the old sigmoidostomy. 


The ends were turned in with two lavers of silk. The peritonea! 
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TABLE I. RESULTS OF EXPERIMENTAL EXTEKNAL RESECTION OF RECTUM AND RECTOSIGMOID 
With ENp-ro-EXNp ANASTOMOSIS AND PRESERVATION OF THE SPHINCTER IN) FIFTEEN DoGs 


LENGTH 
OF LIFI 
Dog AFTER CONDITION 
NUM OPERA CAUSE OF OF ANAS 
BER PION DEATH rOMOSIS COMMENTS 
| Died on Anesthesia Excellent Operation satisfactory; animal never 
table recovered from anesthesia 
2 3 m0; Sacrificed Excellent Doe in good health with normal bowel 


control 
3 3 mo. Sacrificed Excellent Dog in good health with normal bowel 
control 


| S hr. Anesthesia Excellent Operation satisfactory; animal was far 
advanced in pregnaney and never 
recovered from anesthesia 

5% 215 mo. Sacrificed Excellent Dog in good health with normal bowel 


control 


6 10 mo. Sacrificed Excellent Doo in good health with normal bowel 
cortrol 

7, 7 weeks Sacrificed Excellent Doo in good health with normal bowel 
control 

S 10 weeks Sacrinced Exeellent Dog in good health with normal bowel 
control 

a) f mo, Sacrificed Kexcellent Doe in good health with normal bowel 
control 

10) 7 weeks Sacrificed Excellent Doe in good health with normal bowel 
control 

1] mo. Saerificed Exeellent Doe in good health with normal bowel 
control 

ie 3 weeks Infection Dehiscence Infection in abdominal wall and break 
down of anastomosis 

13 4G weeks Still living Dog in good health with normal bowel 
contro! 

14 6 weeks Still livine Dog in good health with normal bowel 
control 

ES 5 weeks Still livine Doge in good health with normal bowel 


control 


attachments of the upper segment were cut and this segment, with its blood vessels, was 


found to be long enough to reach the perineum with some difticulty. 


With the abdomen still open and in charge of the assistant, the rectal segment, In 
cluding the area of spasm, was everted from below, as in the laboratory. The muecoss and 
perineum were cleaned and the area draped. A transverse incision was then made 2 em. 


from the anal skin through the everted rectal wall, and the upper segment of bowel was 
pulled down through the pelvis and anus with the guidance of the assistant. The anas 
tomosis was then performed 2 em. from the anal sphineter. The redundant end of the 
lower pouch, including the area of spasm, was cut off. The bowel was then put baek in 
place, and the pelvie peritoneum was sutured and the abdominal incision closed. 

Seven weeks later the colostomy was closed. For the four months from then until 
the time of this writing 


s 


the boy had normal bowel movements without the aid of diets, 


laxatives, enemas, or drug therapy. 


Operation has been done in two additional similar eases since that time 
and the patients are doing well two months, and three. weeks, respectively, after 
operation. 

DISCUSSION 

We feel that this method will be a useful adjunct for the treatment of 

benign lesions of the reetum and rectosigmoid, such as severe spasm. It may 


have no place in the treatment of carcinoma, Ilowever, the work of Westhues® 
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and of Coller and associates’ tends to show that metastasis from rectal cancer 
is in an upward direction rather than in a lateral one. This leads us to feel 
that a selection might be made of small, localized lesions which could be treated 
hy the procedure we have deseribed. Babeock,* Bacon,’ Wangensteen,’’ and 
Mandl’ feel that this can be done, using, as they do, the same general approach. 

In the technique of the operation, the most important step is to be certain 
that the blood supply to the proximal end of bowel is of adequate length to 
permit the sigmoid to be pulled out through the anus. It is also important that 
the anastomosis be done in two lavers with extreme care, to make sure that 


there be no leakage into the pelvis. 
SUMMARY 


1. A series of twenty cases of megacolon with spasm of the rectosigmoid 
in children is reported. 

2. A method of resection of the rectum and rectosigmoid, with preservation 
of the sphincter, is described. This method was evaluated in a series of fifteen 
dogs. Results showed (a) infection in but one ease, (b) good sphincter control 
in all, and (¢) no postoperative strictures. 

3. The operation has been suecessfully used on three children. 
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THE ROLE OF HYPERTROPHY OF THE MUSCULARIS IN THE 
DELAYED ONSET OF SYMPTOMS IN CANCER OF THE COLON 


JOHN ARMES Gius, M.D., PoRTLAND, ORE. 


(From the De partment of Surgery, University of Oregon Medical School) 


KCENTLY my attention was forcefully called to the paucity of symptoms 

in some cases of cancer of the colon by observing a fellow surgeon in whom 
this disease progressed to an incurable stage before he was aware of trouble. 
Although this may not be the usual situation, it occurs with sufficient frequency 
to justify investigation of some of the factors which make this possible. 


An impressive finding in specimens of cancer of the large bowel which 





exhibit stenosis of the lumen is the thickening of the muscle coat proximal to 
the obstruction. The extent of the thickening appears to be related to the 
duration and degree of stenosis. Thus, the development of hypertrophy of the 
musele coat is a logical result of increased work demanded of it. The same 
response occurs in any hollow muscular viseus sueh as the heart, urinary bladder, 
gall bladder, stomach, and other organs. The response of striated muscle is also 
essentially the same when it is subjected to increased activity over a period of 
time. 

Nothnagel' observed this hypertrophy of the large bowel and emphasized 
its importance in interpreting symptoms or lack of symptoms. His student, 
Herezel,? carried out a series of animal experiments and came to the conelusion 
that detectable hypertrophy resulted from incomplete obstruction after five 
days, while grossly visible hypertrophy was seen in nine days; hypertrophy and 
not hyperplasia is the essential change. 

Morison and Saint® and Osgood* have discussed the principle of musele 
hypertrophy and compensation as it applies to stenoses in hollow viscera. A 
careful search of the literature has failed to reveal other significant or recent 
contributions on this subjeet. In fact, no reference to this concept is made in 
textbooks and standard works on medicine and surgery. This concept appears 
to be of fundamental importance, and vet it has either been forgotten or regarded 
as of only academic interest for many years. 

There are well-known differences in the physiology of the right and left 
segments of the colon, as well as certain differences in the types of tumors orig- 





inating in these structures. Ilowever, in practically all eases of cancer of the 
left colon and in many in the right colon some interference with the normal 
transit of bowel content develops. The first symptoms produced are, therefore, 
related to partial obstruction. 

If the mechanical aspects of the problem are considered, several adjust- 
ments may be made to overcome or minimize the effects of partial obstruction. 
Among these, probably the most important are increased propulsive power of 
the bowel wall resulting from hypertrophy of the muscle coat, decreased resist- 





ance to the passage of stool by the lubrieating effect of increased mucus secretion, 
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and, rarely, an increase in the caliber of the area of stenosis by sloughing of 


the tumor. In addition, the patient or the physician may supply certain com- 
pensatory factors, such as changes in the diet whieh tend to lower the residue 
in the stool, lubricating or laxative medicaments, enemas, and antispasmodic 
drugs. 

Thus, in the bowel as in the heart, compensatory mechanisms for overcoming 
the deleterious effects of stenosis exist, and the lesion may remain partially or 
completely silent. Unfortunately, however, the course of cancer is progressive 
and, as obstruction increases, the limits of Compensation are reached. At this 
time, unequivocal symptoms of serious trouble appear, and often the lesion is a 
far-advanced one. 

While any or all of these mechanisms may come into play, it is entirely 
conceivable that muscle hypertrophy with resultant increased propulsive power 
alone may completely or partially mask the svmptoms of increasing obstruction 
for many months. Changes in bowel habits, abdominal cramps, distention, and 
the vague feeline of fullness of which these patients so often complain are mani- 
festations of partial obstruction. Sinee these symptoms may not be significant 
until compensation begins to fail, neither the patient nor the physician can 
await their appearance if universal early detection is hoped for. 

If svmptoms eannot be relied upon to indicate early lesions, how then can 
early eancer of the eolon be detected? Although this problem is beyond the 
scope of this paper, it appears that the answer must be found in the edueation 
of the public and the physician alike. This would require periodic investigation 
of those organs susceptible to cancer, wider and more frequent use of the meens 
for studying these organs, and an appreciation of Von Mikuliez’s classic state- 
ment that there are no symptoms of cancer but only symptoms due to the com- 
plications of the disease. 

During the past vear about twenty unselected cases of cancer of the loree 
howel have been studied. Specimens were examined in the fresh state; however 
measurements of the thiekenines of the museularis were not recorded exeept in 
some instances. The specimens removed have necessarily been of limited extent, 
and it has not been possible to determine how far proximal or distal to the tumor 
changes in the wall existed. These problems require further study. 

Inspection of the specimens revealed gross thickening of both the circular 
muscle laver and the longitudinal tinea. This thickening is most marked in the 
proximal bowel and increases as the tumor is approached. Below the tumor 
there is also some inerease in the thickness of the musele wall, but this is of 
lesser degree. The muscle layers stand out clearly in both the fresh and fixed 
specimens, and Comparisons were made with specimens removed at Hhecropsyv 
from individuals with no disease of the colon (Fig. 1) 

Microscopic sections were taken through the wall both proximal and distal 
to the tumor. In most instances, blocks were cut transversely at a distance of 
Dem. from the tumor marein. Certain characteristic histologie changes con- 
sistent with hypertrophy of smooth muscle cells were noted. 

The muscle lavers were increased in thiekness, and there was no evidence 


to indicate that edema or cellular infiltration was responsible for this change. 
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994 SURGERY 


The eytoplasm of the individual muscle cells was increased, and it was some- 


what paler-staining than evtoplasm of normal cells, On cross section the eyto- 
plasm appeared vacuolated. The nuclei were elongated and larger than normal. 
They were spaced at greater intervals and were hyperchromatic (Figs. 2, 5, 
and 4). 

These changes were observed on both OVOSS inspection and histologic study 
of the ileum (Fig. 5) and various segments of the colon where a carcinomatous 


lesion existed distally. The changes observed in the bowel wall below sueh a 
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lesion have not been completely studied, but it is interesting to note and diffieult 
to explain that varying degrees of hypertrophy are often seen distal to a 
stenosing lesion. 
CASE HISTORIES 

CASE 1.—A, G., a 54-vear-old, white man, was admitted to the hospital on Aug, 21, 1947, 
with a tentative diagnosis of acute appendicitis. He had been perfectly well until two days 
prior to admission, when he had onset of cramping lower abdominal pain, nausea and vomiting, 
hiccups, constipation, and distention. These symptoms appeared suddenly, following ingestion 


of ‘thot dogs.’’ There was no past history ot constipation, abdominal pain, or blood in 


the stool, 
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The abdomen was distended and diffusely tender. A mass was felt in the left 


lower 


quadrant. Rectal examination was negative. A flat plate of the abdomen showed distention 


of the colon. At operation a perforated obstructing carcinoma of the sigmoid colon was 


found, and colostomy was performed. Subsequently, a resection of the sigmoid with end-to 


end anastomosis was carried out, and later the colostomy was closed, 


first procedure was stormy, but the eventual outcome was satisfactory. 
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The specimen showed a large annular obstructing adenocarcinoma of the sigmoid, in 
vading all layers of the bowel wall. There was dilatation and very marked muscle hyper 
trophy above the lesion (Fig. 3) and moderate hypertrophy below. The mesenterie nodes 


were not involved, 


CASE 2.—M. 8., a 56-year-old woman, was admitted to the hospital on Nov. 7, 1947, com 
plaining of constipation for one year. There had been no abdominal pain or discomfort. 
Catharties had been taken with increasing frequency. Blood in the stool, thought to be due 


to ‘bleeding piles,’’ had been noted for several years. Weight loss was fifteen pounds. 
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The examination was negative except for tenderness in the left lower quadrant. A 
barium enema revealed an obstructing lesion in the sigmoid. 

\ resection of the siomoid with end-to-end anastomosis was performed, Convalescence 
Was uneventful. 

The specimen showed an annular, polypoid, sclerotic adenocarcinoma nlmost completely 
obstructing the lumen. There were no metastases to the mesenteric nodes. The bowel wall 


wbove the lesion showed marked hypertrophy of the muscle and slight change below (Fig. 4 


Case 3.—E. B., a 82-vear-old woman, was admitted to the hospital on May 1, 1947. For 
six months prior to admission, this patient had had bouts of loose bowel movements. Two 
weeks before admission there had been cramping lower abdominal pain and some distention, 


These symptoms cleared and she was well until two days before admission, when symptoms 


if complete colonic obstruction appeared, There had been no blood noted in the s‘ool, nor 
had there been weight loss or othe significant svmptoms, 

The abdomen was distended and there was a tender mass in the left lower quadrant. 
Radiographic studies confirmed the imprsesion of obstruction of the sigmoid. Sigmoidosecopic 
examination was negative. 

Conservative measures resulted in decompression, and later a sigmoid resection with 
end-to-end anastomosis was carried out. 

The specimen showed an annular adenocarcinoma producing almost complete obstruction 
of the lumen. There was invasion of the muscle and serosal layers of the bowel wall. No 
lvmph node invasion was detected. Proximal to the lesion the muscularis was thickened, 
Distally there was some hypertrophy but not as marked as that noted above the lesion 
(Fig. 1, ¢ 

Convalescence was uneventful until Nov. 24, 1947, when left lower quadrant cramps 
appeared. A mass could be felt in this area, and barium studies demonstrated a narrowing 
in the descending colon believed to be due to extrinsic pressure, probably from growth of a 
secondary lesion, 

At operation, a second primary lesion arising from the descending colon but adherent 
to the distal transverse colon and greater curvature of the stomach was encountered. There 
were no apparent metastases. En bloc resection of the involved colon, including the splenic 
flexure and its mesentery, the omentum, and a portion of the greater curvature of the stomach 
was done. An end-to-end anastomosis was established. Convalescence was uneventful, but 
prognosis was guarded. 

This specimen revealed a primary adenocarcinoma of the descending colon, with partial 
obstruction at the site of the lesion and partial stenosis at the site of the previous anastomosis 
Which was 12 em. below the second lesion. The infiltration of the stomach and transverse 
colon involved the superficial layers only. There were no involved lymph nodes found, Mus 


eular hypertrophy both above the lesion and above the stenotic area was marked. 


CASE 4.—H. D., a 67-year-old man, was admitted to the hospital on April 26, 1947, 
complaining of abdominal cramps, constipation, dysuria, and abdominal distention of five 
weeks’ duration. Traces of blood had been noted in the stools for about two and one-half 
vears. 

The abdomen was distended and noisy. Tenderness was localized to the left lower 
quadrant, Rectal and = sigmoidoscopic examinations were negative. <A flat plate of the 
abdomen and barium enema revealed an obstructing lesion of the sigmoid. 

A transverse colostomy was established on the day of admission, Later, a resection of 
the sigmoid with end-to-end anastomosis was performed, There were no gross metastases. 
Convalesecence was complicated by postoperative ileus. The colostomy Was subsequently closed, 

The specimen revealed an annular constricting adenocarcinoma, with complete obstrue 
tion and deep invasion of the bowel wall. Metastatic involvement of the nodes was found. 
The muscle laver was greatly thickened. 

Seven months later, the patient exhibited slens of persistent cancer in the pelvis, in 


volving the colon and bladder. 
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CASE 5.—E. R., a 49-year-old man, was admitted to the hospital on Oct. 7, 1947, com 
plaining of cramping abdominal pain for about one and one-half years. The cramps were 
associated with bowel movements and occurred in the morning at the usual time of defecation. 
There had also been some cramping pains on urination. Constipation appeared three months 
prior to admission, and he had observed that evacuation took longer and the stool was of 
smaller caliber than normal. 

The examination was negative except for a mass which could be felt per reetum but 
could not be seen through the sigmoidoscope. Barium enema revealed an obstructing lesion 
at the midsigmoid., 

A resection of the sigmoid with end-to-end anastomosis was performed, Convalescence 
Was uneventful. 

The specimen showed an annular adenocarcinoma, constricting and obstructing the 
jumen. There were involved mesenteric nodes present. The muscle coat was markedly thick 


ened above the tumor and moderately thickened below. 


CASE 6.—W. B., a 42-year-old man, was admitted to the hospital on Aug, 30, 1947, com 
plaining of increasing constipation for two months and blood in the stool for five weeks. 
There had been a decrease in the caliber of the stool and frequent loose bowel movements 
after taking laxatives. No pain had been noted. 

An obstructing, ulcerated mass was found at 12 em. on sigmoidoscopy, which proved 
to be carcinoma on biopsy. Anterior resection with end-to-end anastomosis was performed, 
Convalescence was uneventful. 

The specimen showed an annular, partially obstructing lesion. No lymph node involve 
ment was found. The muscle layer of the bowel proximal to the tumor showed moderate 
hypertrophy; there was no essential change distally. 

CASE 7.—A. E., a 59-year-old woman, was admitted to the hospital on Sept. 9, 1947, 
complaining of constipation and blood in the stool. Two months prior to entry, mild con 
stipation requiring laxatives had been observed. In addition, the patient was conscious of 
increased flatulence and recently some blood in the stool. For three weeks, there had been 
mild lower abdominal cramps. 

An obstructing lesion of the descending colon was found on barium study. An obstrue 
tive type of resection was performed with subsequent closure of the colostomy, Recovery 
was uneventful. 

The specimen showed an annular ulcerating adenocarcinoma of the colon with extension 
through the bowel wall. There were no metastases to the lymphatic nodes, A moderate 


degree of hypertrophy of the muscle coat was present above the lesion. 
DISCUSSION 


It appears that those cases in which symptoms did not appear until late 
in the course of the disease exhibited the greatest degree of muscle hypertrophy. 
Thus, the patient (Case 1) who had the most marked thickening of the muscle 
coat of any of the specimens examined had no symptoms until two days before 
admission to the hospital. Two others (Cases 3 and 4) showed marked hyper- 
trophy and were relatively free of symptoms until admitted with acute obstruc 
tion. On the other hand, there were two patients (Cases 6 and 7) who had 
constipation and bleeding of relatively longer period and showed only moderate 
hypertrophy. This was probably insufficient to compensate fully for the con- 
stipation which the patients exhibited. It is probable that rapid growth plus 
associated inflammatory changes and resultant stenosis may prevent adequate 
compensation by producing distention of the proximal bowel sufficient to inhibit 
activity via the viscerovisceral reflex and hence retard the normal stimulus to 
hypertrophy. 
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One patient (Case 5) had had recurrent abdominal cramps for one and 
one-half years with constipation superimposed for ninety days. What is the 
It would seem that the cramping pain 


) 


significanee of this sequence of events! 
represented an attempt on the part of the bowel to compensate for a very slowly 
developing stenosis. Certainly the eramps must have resulted from increased 
peristaltic activity, since they always occurred just preceding and during 
evacuation. Later in the course of the disease, as compensation began to fail, 
constipation was observed and the patient resorted to laxatives to aid the over- 
taxed bowel. In spite of the apparent embarrassment to effective peristalsis 
produced by the tumor, the response in the form of hypertrophy was only 
moderate. 

Each of these eases showed some degree of hypertrophy of the muscle layer 
proximal to the stenosing carcinoma. The duration and severity of symptoms 
in these cases suggest an inverse ratio to the degree of hypertrophy in those 


lesions progressing to almost complete obstruction. 


SUMMARY AND CONCLUSIONS 


1. The large bowel, like other hollow muscular viscera, has the ability par 
tially or completely to compensate and overcome, at least temporarily, the adverse 
effects of a slowly developing stenosis, such as oceurs in carcinoma. 

2. The most important factor in the compensation mechanism of the large 
howel is hypertrophy of the muscle coat. 

3. As obstruction increases and the limit of hypertrophy is reached, a stage 
of decompensation results and symptoms may appear at this time. 

4. The compensation mechanism may operate to delay onset of significant 
symptoms until curative surgery is no longer possible. 

5. The usual symptoms, which are changes in the bowel habit, abdominal 
cramps, and appearance of gross blood in the stools, cannot be entirely relied 
upon to indicate the need for investigation of the colon, 

The writer wishes to acknowledge the assistance of Vinton IT). Sneeden, M.D., De- 
partment of Pathology, University of Oregon Medical School, Portland, Ore., Herbert H. 


Foskett, M.D., Pathologist. Emanuel Hospital, and Jeff Minckler, M.D., Pathologist, Provi- 
dence Hospital, Portland, Ore., in this study. 
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THE INDICATION FOR EMERGENCY OPERATION 
IN SEVERE HEMORRHAGE FROM GASTRIC OR DUODENAL ULCER 


J. ENGLEBERT DUNPHY, M.D., Boston, Mass., AND STANLEY O. Horrr, M.D. 
COLUMBUS, OHIO 


(From the Surgical Service, Peter Bent Brigham Hospital and the Department of Surgery, 
Harvard Medical School, Boston, Mass. ) 


HE availability of large quantities of blood for emergency use has 
influenced the treatment of severe upper gastrointestinal hemorrhage and 
makes it desirable to re-evaluate the place of emergency operation for this 
condition. The poor results of emergency surgery in the past, contrasted with 
the supposedly good results of nonsurgical management, have led in) many 





hospitals to the belief that such cases are medical, and the surgeon is to be called 
in only at the last minute (if then) to perform a heroie procedure upon a nearly 
moribund patient. This plan has found apparent justification in the past on 
the basis that the over-all mortality from bleeding ulcers has been less than 
the over-all mortality from gastrie operations.’ There can be no quarrel with 
the demonstrable fact that the vast majority of patients who bleed from the 
upper gastrointestinal tract will get well with conservative measures.  More- 
over, emergency operation for bleeding peptie ulcer may be one of the most 
harassing and difficult in the entire surgical domain. But it is likewise a demon- 
strable fact that some patients will die without operative intervention, and it 
is our contention that a fair proportion of them may be salvaged by timely 
surgery. 


If one accepts the fact that some patients who would otherwise die can be 





saved by emergency operation, there are two alternative approaches which sue- 
vest themselves. One is to operate early upon every patient in whom there seems 
to be any possibility, however remote, that the hemorrhage may prove fatal. 
This attitude will necessarily result in some needless operations under difficult 
circumstances. The other approach is to limit emergency operation, in so far 
as possible, to those patients who actually seem to be bleeding to death. We 
have adopted the latter view since it is obviously better for the patient to have 
any necessary gastric surgery performed, if possible, in a quiescent phase. 
The erux of the matter, of course, Hes in the accuracy of the selection of 
patients for operation. It is our belief that the rate of bleeding is the factor 
above all others whieh governs the outcome on conservative Management, rather 
than the age of the patient, the number of previous hemorrhages, and other 
factors to which various writers have directed attention in the past.2 ° We 
have adopted a clinical rule to assist us in recognizing promptly those 
patients in whom the rate of bleeding is sufficiently rapid to make spontaneous 
recovery unlikely. Briefly stated, this clinical rule is as follows: if the rate 
of bleeding is such that a= stable circulation cannot be- maintained with 
transfusions roughly approximating 1,500 ¢.¢. of blood per twenty-four hours, 
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SURGERY 


spontaneous cessation of the hemorrhage is unlikely and emergeney operation 
should be undertaken. 

A prerequisite for emergency surgery in upper gastrointestinal hem- 
orrhage is a knowledge of the source of the bleeding. Although roughly 
75 per cent of these hemorrhages arise in gastric or duodenal ulcers, it must 
be reealled that approximately 20 per cent come from such lesions as esophageal 
varices or gastritis which are not amenable to emergency operation. Another 
4 or 5 per cent are due to gastri¢ neoplasms, in which prompt surgery is 
necessary since there is no hope of healing the ulcer by dietary means. If the 
source of the bleeding is not evident from the history, clinical findings, and 
previous roentgenograms, an X-ray examination of the esophagus, stomach, and 
duodenum should be done prior to emergency operation. The demonstration 
by Hampton* and Sechatzki? that this ean be carried out with comparative 
safety in a patient who is actively bleeding is a contribution of great value 
to the surgeon, and should serve to help us avoid an operation upon patients 
who cannot possibly benefit by one. If a surgical lesion cannot be demonstrated 
by these means, it is wiser to withhold surgery. 

In a previous communication with Gray’ we have recorded our experience 
with bleeding peptic uleer at the Peter Bent Brigham Hospital since 1940. It 
was shown that when the cases were divided according to the severity of the 
hemorrhage into four groups arbitrarily designated as moderate, severe c¢om- 
pensated, severe uncompensated, and exsanguinatine hemorrhage, the fatalities 
with two exceptions were in the **exsaneguinating’’ group. These two fatalities 
were ascribable in one_case to coexistent heart disease and in the other to an 
operation for which the patient was badly selected) and poorly prepared. 
Those patients classified as having moderate hemorrhage occasionally had 
syncope or fainting at the onset, but without exception they entered the 
hospital in a stable circulatory state and gave little evidence of continued 
bleeding. The hematocrit level ranged between 31 and 40. Blood transfusions 
were unnecessary. 

The second group with **severe compensated hemorrhage’? was characterized 
by more prolonged bleeding without svneope, shoek, or hypotension. Repeated 
melena was usual, and occasionally there was hematemesis, abdominal distention, 
and azotemia. The estimated rate of bleeding in this group was 500 to 1,000 c¢.e. 
per day, but the pulse rate and blood pressure remained comparatively stable, 
and the principal indications for transfusion were continued melena and a 
falling hematocrit. Spontaneous recovery in this group, as in the foregoing one, 
is the rule and patients in either group may be dismissed from further 
consideration as candidates for emergency operation, 

Patients in the next two groups of ‘severe uncompensated hemorrhage’’ 
and **exsanguinating hemorrhage’? are the ones that demand the most critical 
evaluation. Patients in both groups give evidence of shock. The response 
to therapy and particularly to blood transfusion ultimately serves to differentiate 
the two groups from each other. We strongly advocate that all patients who 
are in shock at the time of hospital admission, or subsequently develop 
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evidence, be closely followed by a bedside team of both internist and surgeon. 


In fact, we believe that such patients could be placed to advantage on the 


surgical wards, as are other patients who are potential candidates for any 
type of emergency operations. Patients with severe uncompensated hemorrhage 
are bleeding at an estimated rate of 1,000 to 1,500 ¢.¢. per twenty-four hours. 
They may require as much as 1,000 to 2,000 ¢.¢. of blood within the first few 
hours of hospital admission to stabilize the circulation, and they may continue 
to bleed actively for several days after treatment has been started. However, 
despite repeated hematemesis or @VOSSIV bloods stools. they do not again develop 
syncope, shock, or marked hypotension provided that they are given transfusions 
at rates of about 500 ¢.¢. of blood every eight hours. If at any time after 
Initial stabilization of the cireulation, and under such a transfusion regime, 
syneope, shock, or merely a sharp rise in the pulse rate or lowering of the 
blood pressure occurs, the patient is considered to be in the *‘exsanguinating”’ 
eroup. 

Patients with an exsanguinating hemorrhage are in a very precarious 
situation, and we have come to believe that operation is safer for them than 
expectant management with even more rapid rates of transfusion. The 
estimated rate of bleeding is more than 1,500 ¢.¢. per twenty-four hours. An 
exsanguinating hemorrhage may manifest itself in one of several ways. Some 
patients are admitted in profound shock and respond slowly to the usual rate 
of transfusion, tending to revert into shock soon after each bottle of blood is 
finished. An oceasional patient will respond fairly well to the initial 
transfusions, but will slowly and = definitely lose ground over a_ period. of 
several days. Some will show an apparent initial arrest of hemorrhage, only 
to be followed by the sudden development of svneope or shock, giving evidence 
of very rapid, if intermittent, bleeding. In these last patients particularly a 
prompt intervention is to be reeommended, even if several days have elapsed 
sinee the onset. 

It has been said that in dealing with a bleeding ulcer, the patient should be 
viven transfusions vigorously until the circulation is stable and then at the 
first sign of further bleeding operation should be performed. We disagree 
with this view. If the circulation cannot be stabilized after the initial 
hemorrhage by transfusion of not more than 2,000 ¢«¢. of blood, transfusions 
should be continued and operation performed as soon as the circulation is stabi- 
lized, If the initial response to transfusion is eood, operation should not be 
performed at the first sign of further bleeding unless the rate is sufficiently fast 
to produee syneope or a break in the pulse rate or blood pressure despite trans- 
fusion at a rate of approximately 500 ¢.¢. every eight hours. 

A patient, therefore, with upper gastrointestinal bleeding, who is. in 
shock on admission to the hospital, or who develops evidence of it under 
treatment, must be followed not only with the customary pulse and blood 
pressure recordings, preferably at half-hourly intervals or less, but also repeated 
clinical examinations and a determination of the hematocrit (or its equivalent) 
every eight hours, day and night. Every serap of evidence must be utilized 
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in an effort to determine whether or not the patient is actually holding his 
own when he receives approximately one pint of blood every eight hours. 

In Fig. 1 is shown the course of a patient whose hemorrhage has been 
classified as ‘‘severe uncompensated,’ but which almost falls into” the 
‘“exsanguinating"* group. She received insufficient blood during the first three 
days of the hospital stay (and it may be said parenthetically that this was a 
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private patient not seen by the gastrointestinal team during these first three 
days). The pulse was above normal, and the blood pressure fluctuated as 
much as 10 or 15 points and tended to stabilize below the normal level. How- 
ever, it was maintained near that level despite continued hematemesis and 
melena, although transfusions later on at the rate of 1,000 to 1,500 ¢.¢. daily 
were required. When the pulse rose to 140 on the third day, accompanied 
by a drop in blood pressure, an operation would have been indicated if the 
favorable response to the single transfusion administered at that point had not 
been maintained. 

In Fig. 2 is shown the course of an exsanguinating hemorrhage. This 
patient was unusual in that he was convalescing from the closure of a per- 
forated gastric ulcer five days previously when bleeding began. He was in 
shock when he received the first transfusion, but responded well to 500 ee. 
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Within a few hours he became sweaty and faint, and a break showed in the 
temperature chart; again-he responded well to a single transfusion. In another 


few hours he onee more gave clinical evidence of rapid bleeding, and when, 





after an additional liter of blood, the circulation was not yet stable, the rate 
and volume of transfusion were increased, and gastric resection was performed, 
Ile made an uncomplicated recovery. 
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Fig. 3 is another example of the course of an exsanguinatinge hemorrhage. 
In this instance the patient entered the hospital in collapse, but responded 
rather quickly to a single transfusion of 500 ¢.¢. of blood. Later that day 
he had a sharp fall in blood pressure and rise in pulse which again responded to 
a single transfusion. The exsanguinating nature of the hemorrhage became 
obvious when an additional liter of blood a few hours later failed to stabilize 
the circulation. Operation was performed, and the bleeding vessel in the 
duodenal uleer bed was transfixed. This is ordinarily not a procedure to be 
recommended unless accompanied by complete diversion of the gastrie contents 
because of the danger of secondary hemorrhage. In this instance, however, the 
patient recovered. 
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236 SURGERY 
As stated before, we believe that the rate of bleeding takes priority over 
the age of the patient in the decision to operate. The importance of age 


lies in the fact that older patients are more prone to develop an exsanguinating 





hemorrhage than vounger ones (Table 1). When age is considered in relation 
to the severity of the hemorrhage, it can be seen that in this series, the 
differences between young and old are not marked. There was a high proportion 
of fatal hemorrhage in the exsanguinating group irrespective of age, and a 
low mortality in the other combined groups. In fact, if the two cases already 
alluded to earlier in the paper are excluded, the only deaths were in the 


exsanguinating group. Thus, it may be seen that many patients over fifty 
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years of age would be subjected to unnecessary operation if the factor of 
severity were not considered, and conversely, that patients under 50 years ean 
and do die when an operation might have saved them. It is likewise logical 
not to be bound to a hard and fast rule coneerning the. duration of the 
hemorrhage if a sound indication for operation should make its appearance 
three or four days after bleeding commenced. We have operated sucecesstully 
upon patients who suddenly bled again with great severity after several days 
of quiescence, and we feel strongly that for such patients, especially, an operation 


is proper, even though the risk is admittedly greater. 
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TABLE 1: ACUTE HEMORRHAGE FROM ULCER, 
AGE AND MORTALITY 1940 ro 1947) 


AGI 
rYPE OF HEMORRHAGE Beg AB CASES DEATHS 
Exsanguinating 50 or more S 6 
19 or less 6 pA 
Moderate D0 or more Ob 2 
Severe compensatel 19 or less 82 0 


Severe uncompensated 


In Table II] may be seen the comparison of the results of treatment at 
the Peter Bent Brigham Hospital during the last two years (1946 and 1947) 
and during the preceding six years (1940 through 1945) when there was no 
systematic approach to the problem. Although the series is too small for 
statistical significance, the trend is in the right direction. The one fatality in 
the last two years was an elderly diabetic patient who entered the hospital 
in shock and who died before effective treatment could be instituted. Moreover, 
a eritieal review of the fatal cases in the preceding period has convineed us 
that several of the patients might have been saved if they had been treated 
according to our present plan. 


TABLE II. BLEEDING PEPTIC ULCER, PETER BENT BrigHAmM HOSPITAI 


JAN. 1940 TO DEC. 1945 JAN. 1946 TO DEC. 1947 
CLASSIFICATION SERVICE CASES DEATHS CASES DEATHS 
Moderate Medical os iD 
Surgical 
Severe compensated Medical AD l 16 
Surgical l l 
Severe uncompensated Medical 1 10 
Surgical | l 
Exsanguinating Medical 6 5 2 l 
Surgieal 


Total 117 9 (7.60% 5) l (2.2¢ 


Table IIL lists the operations performed for massive upper gastrointestinal 
hemorrhage in the two periods just considered. The series is small, but the 
fact that there have been no deaths in seven operations in the past two 
years is sufficiently encouraging to warrant some boldness in recommending 


emergency surgery for the suitable ease. 


TABLE IIT. EMERGENCY OPERATION FOR UPPER GASTROINTESTINAL HEMORRHAGE 


1940 ro 1945 1946 TO 1947 
CAUSE CASES DEATHS CASES DEATHS 

Peptie ulcer 5 ! gastrectomy ) 2 $f (gastrectomy ) 0 

Ksophageal diverticulum 1 (gastrectomy 1 

Gastritis 1 (exploration) 0 

Gastrie cancer 2 (gastrectomy 0) 
Total 6 3 7 () 


*Lesion found only at post-mortem. 


SUMMARY 


It is suggested that the principal criterion to be employed as an indication 
for emergency operation in severe upper gastrointestinal hemorrhage is the 
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rate of bleeding. [fa patient is in shock on arrival at the hospital, or develops 
evidence of it while under treatment, he deserves the constant vigilance of a 
bedside team of Internist and surgeon, and is) preferably treated on the 
surgical wards. If the hemorrhage does not seem to be controlled with bleod 
transfusions approximating 500 ¢.c. every eight hours, an emergency operation 
is to be considered very seriously. An exact knowledge of the source of the 
bleeding, determined by emergeney x-ray examination if necessary, is a pre- 


requisite for this type of surgery in order to prevent a useless operation. 
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MASSIVE HEMORRHAGE FROM GASTRODUODENAL ULCER 


JOHN D. Stewart, M.D., AND (BY INVITATION) ALFRED J. MAssover, M.D., 
Wittiam HH. Porrer, M.D., AND Stpney M. Scuarr, M.D. 
BuFFaLo, N. Y. 

(From the University of Buffalo Medical School and the Edward J, Meyer 
Memorial Hospital) 


HERE are various reasons why the management of the severely bleeding 

gastric or duodenal ulcer has been a subject of controversy and doubt. Two 
major factors have been incomplete description of the cases under consideration 
and variable quality of the nonsurgical or surgical treatment given. In other 
words both the case material and the treatment under discussion were often 
uncertain. Other sources of confusion readily apparent in a study of the litera- 
ture are too small a series of cases, errors in diagnosis, and a tendency of the 
proponent of a particular method to attribute deaths to associated diseases 
rather than to hemorrhage and anoxia. 

In view of the recent advances in surgical technique, improved knowledge 
of how to treat hemorrhagic shock, and better anesthesia it would seem that the 
advantages of early surgical treatment of bleeding peptic ulcer deserve more 
serious consideration than in the past. Accordinely, since January, 1947, an 
effort was made on our surgical service to evaluate a plan of management of 
acutely bleeding gastric and duodenal ulcers involving immediate blood replace- 
ment and early subtotal gastrie resection. The study is still in progress and final 
conclusions are not vet in order, although sharp impressions are taking.shape in 
the minds of those of us engaged in the work. The purpose of the present report 
is presentation of the plan of management being used and analysis of laboratory 
and clinical data aequired to date. 

We define acute massive hemorrhage as hemorrhage e@rossly manifested by 
vomiting of blood, or tarry stools, with faintness, pallor, or loss of eonselous- 
ness within one week of admission to the hospital. By early surgical treatment 
is meant gastric resection with removal of at least SO per cent of the stomach 
within twenty-four hours of admission to the hospital. The only patients with 
acute massive hemorrhage into the upper gastrointestinal tract not operated 
upon are those refusing operation, those presenting strong evidence of primary 
blood disease with clotting defect, or those with evidence of cirrhosis of the liver 
with esophageal varices. In case of reasonable doubt as to the source of bleed- 
ing, exploratory laparotomy is performed immediately (within twenty-four 
hours). . When the site of bleeding cannot be determined at laparotomy and 
there has been vomiting of blood or there is blood in the stomach or duodenum, 
subtotal gastrie resection is performed nevertheless. 

Laboratory measurements, including determination of blood volume and 
extracellular fluid volume, are made by a trained team within one-half hour 


Read at the meeting of the Society of University Surgeons, New Orleans, La., Jan. 
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after the patient is admitted to the hospital, and massive blood transfusion is 
started immediately afterward. Operation is not delayed, but rather is carried 
out during the course of blood replacement. The laboratory studies are repeated 
within twenty-four hours after operation and again in convalescence. The 
urinary output is measured daily, and in addition to the usual tests the pH of 
the urine is determined. Sodium bicarbonate is given intravenously during the 
first two days. The clotting mechanism is studied on admission to rule out 
clotting derangement as a factor in the bleeding. The amount of blood given 
the patients is carefully weighed and its hemoglobin and plasma protein content 
are measured before administration. Blood loss at operation is determined in 
each instanee. If the patient refuses operation, as sometimes happens, the man- 
agement is otherwise the same and the case falls into the control group. 

It is obvious that this program of treatment demands excellent laboratory 
and transfusion facilities, an efficient surgical resident staff, and entire confi- 
denee in the skill of the surgeon and anesthetist. It postulates that the surgical 
control of hemorrhage can be achieved without hampering the restoration of 
blood and relief of anoxia. Furthermore, the plan is based on the conception, 
which statistics from our service over a six-vear period support, that it is impos- 
sible to tell which patient will survive on a nonsurgieal regimen and which 
will die. 

During the past vear, as shown in Table I, thirty patients have been studied 
under the program just outlined. In nineteen instances operation was _ per- 
formed, and in eleven instances nonoperative management was carried out, as 
the patients either refused operation or died of hemorrhage before operation 
could be started. In two of the nineteen patients operated upon other lesions 
were found to be causing the hemorrhage, in one instance esophageal varices and 
in the other carcinomatous uleer at the eardiae end of the stomach. Only ex- 
ploratory laparotomy was performed at the time and both patients made un- 
eventful convalescence from the operation. The average imterval between ad- 
mission and operation in the nineteen cases was nine hours. Average values are 
shown for age, blood pressure, and pulse and laboratory data. 


TABLE | 
a ee B.V. PeWe 
PER Ve % W/ GM. PER 
NO. AGI B.P. b C.MM. / NORM. NORM, 100 @.c. 
Peptic ulcer, 
operative, total 17 55.6 105/69 11] 9 30 95.0 71.2 93.8 6.1 
Gastrie ulcer, 
operative g 63.7 99/70 110 2.32 296.3 69.5 89.6 6.1 
Duodenal uleer, 
operative S 16.6 110/68 112 9 30 93.7 73.0 QGP 6.1 
Peptie ulcer, 
nonoperative 1] 99.3 125/70 Qi 9 85 9S 7 Te 98.5 6.1 
Without peptic 
ulcer, operative 2 71.0 103/68 110 O23 28.0 ive 99.2 Gis) 
All cases 30 58.0 112/69 105 2.50 26.6 74.5 96.0 6.1 
Initial data before treatment in 30 patients with acute massive gastroduodenal hemor- 
rhage. In 19 operative cases (within 24 hours) there were 4 deaths; in 11 nonoperative 
cases there were 2 deaths 
Average values are shown for age, blood pressure, and pulse and laboratory data be- 
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our of the patients operated upon died and two of those not operated upon 
died. Brief summaries of the fatal operative cases follow. 


1. Pe, a 74-year-old man, was admitted to the hospital in coma, with ineon- 
tinence of urine and feces, and died twenty-four hours after operation. Autopsy 
showed cerebral softening, probably due to anoxia. 

2. Kr, a 56-vear-old man, died six days after operation, with vomiting and 
diarrheal movements containing blood. Severe pulmonary atelectasis was noted 
before death. No autopsy was done. 

3. Ki, a 68-year-old man, died suddenly three days after operation, prob- 
ably of coronary occlusion. Tle had recently heen treated for cardiae failure. 
No autopsy was performed. 

4. Po, a 61-vear-old hunchbacked man with a severely deformed chest, 
entered moribund, gasping for breath. He died seven hours after operation, 


autopsy showing cor pulmonale, coronary sclerosis. 
The two patients who died without operation are briefly described as follows. 


1. Pr, a 67vear-old man, refused operation and died suddenly fourteen days 
after admission, probably of coronary occlusion. No autopsy was done. 

2. Sh, a 39-vear-old man, entered the hospital in hemorrhagic coma and 
died four hours after admission despite the administration of 2,500 ¢.e. of blood. 
Autopsy disclosed a posterior wall duodenal ulcer involving only the duodenal 


mucosa and submueosa as the source of bleeding, 


As seen in Table I, these patients for the most part fell into the older age 
eroup. The severity of hemorrhage is attested by the average values for red 
blood cell count, hemoglobin, and blood volume before treatment. Blood volume 
and hemoglobin values were found to be reduced much more than plasma volume 
and plasma protein values. This finding emphasizes once more the fact that the 
critical element in severe hemorrhage is reduction in hemoglobin and oxygen- 
carriage and not depletion of the plasma. 

In Fig. 1 the relationship between blood volume, plasma volume, and hemat- 
ocrit, in terms of average values for the seventeen patients operated upon for 
gastric or duodenal ulcer, is indicated. The observations at Point 1 were made 
Within one-half hour of admission; those at Point 2 were made within twenty- 
four hours of admission, during which time gastric resection and blood trans- 
fusion in the average amount of 2,790 @.c. had been carried out; the observa- 
tions plotted at Point 3 represent average values after an average interval of 
eleven days following operation. The average amount of blood administered 
during the period of observation was approximately 3.5 liters. Nevertheless, 
hematocrit values and blood volume were still somewhat below normal in con- 
valescence. In fact, in none of the seventeen patients was there any evidence of 
overtransfusion. In two instances transitory and mild jaundice was observed. 

ig. 2 is based on similar observations of extracellular fluid volume, total 
circulating plasma protein, and blood volume from seventeen operative cases. 
The principal feature is the evidence of supranormal average values for inter- 
stitial fluid volume at the three points of measurement. This finding supports 
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conclusions previously reported in an experimental investigation of the acute 
hemorrhagic state.* It raises interesting questions as to the physiologie adjust- 
ments of body fluid in the oligemia of acute blood loss. Conceivably, movement 
of water and electrolyte from fixed tissue cells, the largest store of water and 
hase in the body, with consequent shrinkage in cell volume are involved. 

In Fig. 3 appear graphically average values for plasma protein concen- 
tration, red blood cell count, and hemoglobin concentration in the seventeen 
operative cases, in terms of per cent of normal. The severity of the hemorrhagic 
anemia and the large amounts of blood given without overecorrection are demon- 
strated. The maintenance of normal plasma protein concentration despite 
vrave hemorrhage presumably evidences a greater physiologic reserve of plasma 
protein than of hemoglobin and red blood cells. In this connection it should 
be remembered that these patients were in good nutritional state prior to the 
sudden hemorrhage. In a previously malnourished or cacheetie patient the 
mobilization of plasma protein might be less adequate. 
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A consistent finding in analyzing the hemorrhagic state of these patients 
before and after blood restitution was the failure to achieve quantitative im- 
provements in blood values after giving measured amounts of blood. In Fig. 
4 this point is illustrated. The data represent average values from seven patients 
undergoing subtotal gastric resection for acutely bleeding uleer, and all were 
patients in whom it was possible to be redsonably certain that no further bleed- 
ing occurred, The blood loss at operation was measured and averaged 450 ©.¢., 
correction for which has been made in the computations. The blood given the 


*Stewart, John D., and Rourke, G. Margaret: Intracellular Fluid Loss in Hemorrhage, 
J. Clin. Investigation 15: 697, 1936. 
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patients was carefully weighed and its hemoglobin and plasma protein content 
were determined by actual analysis beforehand. A large diserepaney is visible 


between the observed volume of blood and plasma after transfusion, compared 





with the expected result. In theorizing on this point, presumably an acute 
severe hemorrhage leads to shifts of hemoglobin and plasma protein from depots 
outside the circulating blood with inflow into the capillary bed. Such loans, 
of lifesaving significance, evidently bear a high rate of interest and are repaid 
preferentially as physiologic stress is relieved. If this be the ease, not only 
does the phenomenon illustrate a safety factor in the adjustment to blood loss, 
but also a wide margin of safety in blood replacement. It is probable that 
clinicians in the past have very generally underestimated the amount of blood 
lost in aeutely bleeding peptic ulcer, and have failed to realize that an observed 
red blood cell count of 2.5 million per cubie millimeter, for example, demands 
large amounts of blood in restitution. Quarts rather than pints should be 
considered the unit for transfusion in such patients. 

Kig. 5 shows the well-known azotemia associated with severe gastrointestinal 
hemorrhage, average values for seventeen cases being shown. The rapid redue- 
tion in plasma nonprotein nitrogen values in twenty-four hours (between Point 
1 and Point 2) indieates absence of renal damage and suggests that oligemic 





impairment of renal blood flow was chiefly responsible for the nitrogen retention. 
Incidentally, it is to be noted that in none of the thirty patients studied and 
given large amounts of blood was there any evidence of renal damage of the 
type which has been called the ‘‘lower nephron syndrome.’’ Whether the 
routine early administration of sodium bicarbonate was helpful in this regard 
is open to question. 

In summary, data obtained in the management of a group of patients with 
acutely massvely bleeding gastrie or duodenal uleers have been presented. The 
plan of treatment, which is still under test, consisted of rapid, copious blood 
replacement and gastrie resection within twenty-four hours of admission to the 





hospital, controlled by careful laboratory studies. Experiences to date suggest 
that such a policy affords a better prognosis to the patient than does nonsurgical] 
management. In seventeen operative cases, with an initial average red cell 
count of 2.5 million per eubie millimeter, the average amount of blood given by 
transfusion was 3.5 liters. The evidence indicates that this was less rather than 
more blood than needed. 
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THE USE OF THE ROUX Y IN EXTENDING THE OPERABILITY OF 
CARCINOMA OF THE STOMACH AND OF THE LOWER 
END OF THE ESOPHAGUS 


Jounx T. Reynoups, M.D..* ANbD (BY INVITATION) JOHN P. Youn, JR., MLD. 
C'HIcaco, ILL. 


(From the Department of Surgery, University of Illinois College of Medicine, and the Illinois 
Research Hospital) 


INTRODUCTION 


CURE of carcinoma of the stomach and of the lower end of the esophagus 
A by resection is often impossible because of the presence of metastases so far 
distant from the primary tumor that resection can be only palliative. However, 
this procedure is so often associated with gratifving temporary results and seems 
to be so well tolerated by the patient that it is considered to be justifiable. 

Not infrequently, however, the possibility of cure is jeopardized not by 
distant metastases, but by an actual extension of the disease from the primary 
tumor along the continuity of the gastrointestinal tract away from the tumor. 
When the bulk of this extension is not great, we may often be unable to detect 
the presence of this tumor tissue in the adjacent tissue either by touch or by the 
appearance of the tissue. Failure of cure in such cases as these then is actually 
a result of inadequate removal of the tumor along with the contiguous structures 
Which it has involved. In other words, this failure may be, and often actually 
is, @ surgical error. Attempts must be made, and constantly are being made, to 
resect a greater extent of tissue in both directions from the tumor so that any un- 
detectable tumor tissue will automatically be removed. With this in mind, 
Longmire’ recently urged the more frequent use of total gastrectomy as the pro- 
cedure of choice, even in fairly small carcinomas of the stomach. 


CASE REPORTS 


We wish to report in particular two patients whose cure was not achieved 


because sufficient local tissue was not removed. 


CASE 1 (St. L. No. 47467).—O. F., a white woman, entered St. Luke’s Hospital in Sep 
tember, 1943, with a typical history of dyspepsia and weight loss, Laboratory study showed 
the absence of free acid in the stomach and occult blood in the stool; a roentgenologie diag 
nosis of carcinoma of the lesser curvature of the stomach near the cardia was made (Fig. 1, 4). 
She was operated upon on Sept. 24, 1943. At this time a large malignant ulcer of the lesser 
eurvature was found, which was of such size that its removal required a total gastrectomy. 
After the stomach was freed up, the abdominal esophagus was felt to be smooth, soft, and 
pliable. The muscularis appeared and was felt to be normal. <A resection more or less 
after the technique recommended by Lahey® and Marshall6 was done, but when the esophageal 
wall was divided, there was unmistakable evidence of tumor in the esophageal wall, as de- 


termined by the resistance to the scissors; palpation of the cut end of the esophagus also 


fead at the meeting of the Society of University Surgeons, New Orleans, La., Jan. 29-31, 


1948. 


*Krom the Fourth Surgical Service, St. Luke’s Hospital. 
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showed the presence of tumor tissue. Because of the patient’s age and condition on the op 


erating table, the chest was not opened in an attempt to try to remove that portion of the 
lower esophagus which was involved with the tumor; rather, the anastomosis was completed, 
admittedly in tumor-bearing esophagus, under the full realization that this was not an ideal 
procedure. Recovery was uneventful. 

Microscopic examination of the lower end of the esophagus revealed the presence of 
gross amounts of tumor invading the submucosa of the esophagus. This was definitely adeno 
carcinoma, not arising primarily in the esophageal wall. Some infiltration of the musculature 
was seen on high-power study (Fig. 2 


S teh y 


Ste ; ens ‘i 
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Fig. 2 (Case 1).—Photomicrographs of the lowermost portion of the esophagus 
at gastrectomy. 1, Cross section of the entire esophagus. Note in particular the massive 
infiltration of tumor tissue beneath the mucosa (as shown enlarged in B); note also the 
sparsity of metastases in the muscularis of the esophagus (high power shown in C). 


removed 


Six months later, the patient had developed high 


grade obstruction of the esophagus. 
She had dysphasia. 
YSI 


A biopsy was taken which showed adenocarcinoma infiltrating immediately 
beneath the epithelium of the esophagus; x-ray 


studies showed the filling defect in’ the 
esophagus (Fig. 1, B and C). 


She was operated upon March 14, 1944, and the esophagus 
Was exposed thoracically at this time. A mass 3 by 3 em, in diameter, extending 10 em. along 


the leneth of the lowest end of the esophagus, was found which seemed to replace the lower 
end of the esophagus. The musculature of the esophagus appeared to be intact throughout 
and covered the surface of this mass, which itself appeared to be within the wall of the 
esophagus. No carcinoma tissue was visible through the muscularis. In view of the findings 
at the previous operation, it was felt that the mass represented continuous growth of the 


gastric tumor in the submucosal layer of the esophagus. An attempt at resection of the lower 


segment of the esophagus was abandoned when it was found upon opening the peritoneal 
cavity that there were innumerable carcinomatous implants upon both the visceral and perito 
neal pleura. The esophageal extension was still localized and would have been resectable. 
The patient ’s death from inanition occurred within a few weeks’ time. 


CASE 2 (R. & E. No. 112-505).—G. S 


. entered the hospital July 7, 1947, complaining of 
dysphasia and weight loss. 


Examination revealed the presence of a large neoplasm of the 
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lowermost portion of the esophagus and the upper portion of the stomach. It was impos 
sible to determine the exact site of origin (Fig. 3). Through a thoracic approach, the 
lowermost portion of the esophagus and the stomach were mobilized. The tumor arose from 
the stomach, Many local Ivmph nodes and occasional peritoneal metastases made it ap 


parent that the resection would be palliative, but we aimed at re-establishing the ability 
to swallow. The resection and anastomosis were done in the usual manner of Sweet.10 The 
postoperative course was uneventful. The pathologie report, however, called attention to the 
presence of carcinoma cells in the submucosal lymphatics of the stomach wall, not more than 
2 mm. away from the cut edge of the stomach (Fig. +4). We had been conscious at the time 
of resection that we were very close to the tumor, but did this with the idea that we had to 
preserve enough stomach to allow us to bring it up into the chest to re-establish the eon 
tinuity of the gastrointestinal tract. We had not realized that we were as close to careinoma 


as the microscopie slide showed. 





Fig. 3 (Case 2).—Preoperative film showing tremendous shortening of stomach caused by 
earcinoma along the lesser curvature. 

This patient developed some evidence of deglutitory defect four months after the opera 

tion. X-ray studies showed some evidence of irregularity in the stoma, which we presumed 

to be local recurrence. The patient died at home in December, 1947, of inanition. No autopsy 


Was done. 


Comment.—Both these cases emphasize the fact that palpation and inspee- 
tion are often inaccurate and are not to be depended upon unreservedly in de- 
termining the extent of tumor growth. They are, therefore, inadequate as an 
infallible means of deciding the extent to which resection should be carried. It 
is probable that a microscopic examination of the wall of the gastrointestinal 
tract at the upper and/or lower line of resection will occasionally be necessary at 
the time of operation to insure against cutting through tumor. In both of these 
cases such a procedure would have been helpful. 

The first case is an example of a gastric carcinoma which invades the ad- 
Jacent esophagus, a phenomenon which has long been known. The second case 
illustrates the fact that high-lying carcinoma of the eardiae region of the stomach 
may extend down along the wall of the stomach far bevond the area at which 
there is palpable or visible evidence of disease. 
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These experiences make it seem that it may occasionally be necessary to 
extend the line of our resection farther than either the total gastrectomy, as 
recommended by Longmire,” or than the esophagogastrectomy as done by 
Sweet.'” At the same time, we are obliged to attempt to keep the mortality rate 
of sueh admittedly formidable procedures at such a low level that it is reason- 
able to recommend these same procedures. 

In both instances reported here the entire stomach and a fairly long seg- 
ment of the lower esophagus should have been removed in order to give the pa- 
tient the optimum possibility of a cure. The defect so created in the gastro- 
intestinal tract is sufficient to pose a definite technical problem as to the proper 
method of re-establishing continuity (Fig. 8). 














Fig. 4 (Case 2).—A, Photomicrograph of the wall of the stomach removed at operation. 
This section is taken at the lowest segment of stomach removed. Note the presence of car- 
cinoma cells in the submucosal lymphatics close to the cut end of the stomach. B, High mag- 
nification shows the amount of the Iymphatic blockage. 
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We have occasionally encountered a jejunum with sufficient mesenteric 
length to allow a loop to be drawn up into the chest for several inches. The faet 
that this can be enhanced by division of the mesentery close to the radix has 
heen shown. However, such a procedure will not always be possible and in fact 
can be done only rarely. A Roux Y, on the other hand, can be constructed easily. 
It gives a considerable leneth of free jejunum. It occurred to us that the defeet 
occasioned in both cases of this type herein reported would have been best re- 
paired by such a procedure, CGarlock® recently recommended such a procedure. 

Use of the Rour Y in Transthoracic Resections of the Esophagus and 
Stomach.—In the last few months, we have had oceasion to use the Roux Y with 
satisfaction in two patients who were operated upon transthoracieally, in whom 
the entire stomach and the lower end of the esophagus were removed, 





ric, § (Case 3)}.-—— 
Levine tube in place, through which properly calculated diets were administered. B, Post- 
operative film showing junctions between esophagus and jejunum. Note ready filling of the 
jejunum and absence of dilatation in upper esophagus. 


1, Preoperative x-ray film showing tremendous size of tumor and the 


CASE 3 (R. & E. No. 112-600 and No, 114-556).—X-ray examination of J. L. revealed 
almost total obstruction at the cardia of the stomach, apparently caused by an underlying 
large carcinoma of the lesser curvature of the stomach (Fig. 5, 4). He was in poor con 
dition, malnourished, weak, and bedridden, Fortunately, the decompression tube which had 
heen introduced into the esophagus passed through this obstructed stoma and we were able to 
force feed him for sixteen days via this tube before the operation, Although he did not gain 
weight on this regime, and although we could not obtain nitrogen balance studies, his gen 
eral condition obviously improved, as judged by appearance, gain in strength, and mental 
attitude, 

He was operated upon July 80, 1947, at which time the entire stomach and the lower 
6 em. of esophagus were removed. A Roux Y was constructed and a full end-to-end esophago 
jejunostomy was constructed (Fig. 8, 2). The newly constructed gastrointestinal traet was 
dropped back into the mediastinum and the parietal pleura closed over it. The patient ’s con 


valescence was uneventful, X-ray studies made three months postoperatively showed some 
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questionable obstruction at the stoma (Fig. 5, B). Although he did develop a slight delay 


in the passage of food down the esophagus, the swallowing mechanism seemed to be function 
ing properly. An esophagoscopic examination showed no obstruction, A cerebral acei 
dent occurred which resulted in his death on Nov. 18, 1947. Autopsy revealed no obstruction 
of the esophagus at the site of anastomosis. Multiple cerebral infarcts were found, which 
we presume explain the deglutitory difficulty. 

Case 4+ (R. & E. No, 112-666).—F,. D, had a diagnosis very similar to that in Case 3. 
At the time of operation, the same procedure was carried out except that it was necessary in 
this case to resect the transverse colon because of direct invasion by the primary tumor. 
The colon was exteriorized through a stab wound in the abdominal wall. 

The postoperative course was complicated by the development of a strangulated intes 
tinal obstruction on the third postoperative day. This occurred when a loop of jejunum 
became doubly strangulated both above the transverse mesocolon and above the diaphragm. 
This was repaired by one of us (J. P. Y.) and the patient recovered, but later he developed 
apparently as a result of the pressure—a leak, not at the suture line but in the jejunum, 


Which eventually led to death from inanition about one month later. 
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Fig. 6.—Detailed drawing of esophageal-jejunal anastomosis. 1, Internal view showing 


interrupted sutures between serosa of jejunum and outer wall of esophagus; between serosa of 
jejunum and cut end of the musculature of the esophagus; continuous catgut suture between 
mucosa of jejunum and esophagus. B, Detailed drawing illustrating the use of an additional 
stitch to pull the easily distensible and movable jejunum up outside the esophageal wall to 
assure approximation, prevent leak, and, as illustrated, to cover occasional tears. 


Comment.—In these two cases we found that the construction of a Roux 
Y provided us with a very loose segment of bowel which could be anastomosed to 
the esophagus without tension. The jejunum seems much more adaptable to the 
anastomosis to the esophagus than does the stomach. The softness and pliability 
of the jejunum is much more like that of the esophagus, whereas the stomach has 
a relatively heavy musclar wall. The jejunum offers the additional advantage of 
distensibility so that an added row of sutures which pulled the loose jejunum 
more cephalad actually resulted in the jejunum ‘‘telescoping’’ the lower end 
of the esophagus so readily and easily that the danger of a leak seemed minimal 
(Fig. 6). In addition to this, we noted that the jejunum corresponded almost 
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exactly to the size and shape of the resected esophagus, allowing us to replace 
the site of anastomosis into the already evacuated lower mediastinum (Fig. 
7, B). In faet, the facility of this procedure was so great that we felt that it 
would be much more likely to be well tolerated than would the more standard 
operation of anastomosis between the remaining fundus of the stomach and the 
lower end of the esophagus. In the more customary procedure, the stomach is 
left occupying space within the chest which would otherwise be occupied by the 
lung (Fig. 7, 4), whereas the use of the Roux Y allows the site of the anastomo- 
sis to drop back into the mediastinum permitting full expansion of the lung. 
This makes postoperative ventilation and care much simpler. 

Use in Ingh Esophageal Anastomoses—Enecouraged by the facility of this 
operation and by the report of Rienhoff® and Garlock,® we extended this approach 
to care for the reconstruction of the esophageal defect in one patient with a high- 
lving carcinoma of the esophagus. Because of the tremendous length of jejunum 
wished, we elected the Rienhoff procedure of construction of the Roux Y at a 
preliminary abdominal operation, to be followed in a few days by the definitive 
resection of the tumor and anastomosis between the esophagus and jejunum. 


> 


CASE 5 (R. & E. No. 114-859).—G. L., who had x-ray evidence of carcinoma in the 
middle third of the esophagus, was operated upon Noy. 26, 1947, transabdominally. <A large 
blind segment of jejunum was constructed with care, dividing the major arteries as close to 
their origin to the superior mesenteric artery as possible. This was obviously done to pre 
serve the areade of arteries near the bowel wall. Before each arcade was severed, bulldog 
clamps were applied to determine the extent of the collateral circulation. At the time of 
completion of this 50 em. loop, the bowel was pink and shiny and definite pulsation could 
be seen in the arteries. The jejunum had been divided only 12 ¢m, distal to the hgament of 
Treitz (Fig. 9). After eighteen hours the patient rather rapidly developed evidence of a 
severe abdominal crisis and exploration®* revealed that the entire blind loop which we had 
constructed had become gangrenous and had to be resected. Subsequent gastrostomy was 
resorted to, but the patient died later of inanition. 

Analysis of this patient’s record for the period immediately following the construction 
of the Roux Y made us feel that in this case retrograde venous thrombosis had precipitated 
the gangrenous process in the bowel, since at the time of closure of the abdomen the ar 
terial inflow was adequate. It appears that the construction of this very long branch might 
well be staged so that at the first operation a fairly long segment of bowel might be freed 
from its attachment close to the superior mesenteric artery, but left intact. When the 
definitive resection would be carried out several days later, this loop of bowel would have had 
time to develop collateral and could then be fashioned into a proper jejunal length, In addi 
tion to this, we failed to take Rienhoff’s® detailed) recommendation into consideration 
Fig. 10) 

Preservation of the first branch of the superior mesenteric artery is of the 
greatest importance in maintaining an adequate circulation to the mobilized loop 

of the jejunum. This first branch is the largest of all the vasa recta jejunalis 

which diminish in size as one descends caudalward. To obtain the benefit derived 

from the preservation of this vessel, division or transection of the jejunum is 

performed far below, 380 to 40 em. from Treitz’s ligament. All previous oper- 

ators have divided the jejunum close to its origin about 6 to 8 em, beyond Treitz’s 
ligament. When the intestine is mobilized in such a manner the blood supply to the 
vascular comb in the mesentery is dependent upon the less vigorous circulation is 
suing from the smaller more caudal branches of the superior mesenteric artery 


such as the fifth or sixth branches. After division of the jejunum 80 to 40 em. from 


*By Dr. Tilden Everson. 
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Fig. 7. 1, Cross section of thorax after resection of esophagus in reconstruction of the 
gastrointestinal tract using stomach. Note the unused space in the mediastinum left by resect- 
ing the esophagus; also the lung compressed by the stomach in the pleural cavity. B, A similar 
section after construction of esophagojejunostomy with the Roux Y technique. Note how the 


jejunum utilizes the mediastinal space evacuated by removal of the esophagus; also the ab- 
sence of lung compression, 
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Fig. &.—Illustration of the mechanical problem involved when the entire stomach and 
the lower esophagus must be removed, 1 illustrates a representative tumor, the arrows indi- 


cating the direction of metastases; B, emphasizes the extent of the defect after such a resec- 
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Treitz’s ligament the oral end of the proximal loop is then brought into the chest 
instead of the aboral end of the distal loop. Peristalsis does not interfere with 


the satisfactory function of this loop. 
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Fig. 9. Classical Roux Y. 1, represents the first portion of jejunum with blood suy ply 
from the superior mesenteric artery. Dotted line a to b indicates segment of bowel to be in- 


cluded of Roux Y. Note that blood supply to this sector must come from short vessels supplied 
by small jejunal branches. #B illustrates Roux Y practically completed, 


Use in Abdominal Gastrectomies.—We felt that with the Roux Y technique, 
there would be little if any danger of **duodenal stump blowout.””) Our thought 
in this regard was encouraged by the recent work of Orr,* who, in March, 1947, 
reported his experience with the use of the Roux Y in abdominal gastrie resec- 
tion. We had had one such patient in the past, in whom a kink between the 
ligament of Treitz and the esophageal anastomosis had resulted in extensive 
gangrene of the duodenum, with resultant necrosis of the entire segment. 


CASE 6 (St. L. No. 54018).—M. L., a white man, entered St. Luke’s Hospital on June 
1S, 1944. A transthoracic gastrectomy for obvious carcinoma was done on June 21, 1944. 
The first two postoperative days were complicated by massive pulmonary atelectasis. The 
mucus was easily coughed out. On the morning of the third day a tender palpable mass was 
felt in the abdomen and the pulse was noted to be 130 for the first time, A diagnosis was 
difficult to make and since we thought it might be a hematoma from an unseen bleeder, it was 
decided that the patient should be operated upon. The hematocrit of 49 led us to administer 
500 ¢e.c. of plasma preoperatively. Laparotomy revealed the presence of a kink in the prox 
imal loop of the jejunum between the ligament of Trietz and the anastomosis. This was easily 
freed and allowed the accumulated contents with the duodenum to pass distally beyond the 
stoma and into the jejunum. It had been noted that the duodenum was considerably dis 
colored before this kink was released, but following the release the color of the duodenum re 
that the wall of the duodenum was viable. 


turned and we felt 
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His death on June 27 from peritonitis secondary to gangrene of the duodenum showed 
the error of our interpretation, 

In addition to obviating the danger of duodenal stump ** blowout”? (Fig. 8, 
D), the ease with whieh the Roux Y was constructed and with which a secure 
esophageal anastomosis could be effected made us feel that this technique had 


very definite advantages. 
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We have utilized the Roux Y procedure in three abdominal total gastrec 
tomies with satisfaction. In all of these, both the technical execution of the 
operation and the recovery of the patient have been satisfactory. 
Palliation.—The facility with which the loop of Roux Y can be manipu- 
lated has allowed us recently to utilize this procedure in one case as a means of 


restoring deglutition to a patient whose carcinoma could not be removed. 


Ps 


Fig. 11 (Case 7).—A represents preoperative roentgenogram showing enormous carcinoma 
of the stomach. This was found to be inoperable. B, Roentgenogram of lower esophagus 
taken on the seventh postoperative day. Arrow indicates the level at which the Roux Y was 


sewn into the side of the esophagus. Note the fact that opaque meal courses Cown the jejunum 
as readily as down the distal esophagus. 


CASE 7 (R. & E, No. 115-393).—G, W. entered the hospital Dec. 20, 1947, with a diag 
nosis of carcinoma of the stomach (Fig. 11). A transthoracic exploration, carried into the 
abdomen, revealed the presence of an enormous carcinoma which not only replaced most of the 
stomach, but which had invaded through the pancreas and into the retropancreatic tissues 
to such an extent that even resection of the stomach with the pancreas and transverse colon 


would have been impossible. The bulk of the tumor was very great, being fully 10 by 20 by 


20 em. A Roux Y was constructed, whose length was easily made suitable to pass around 
the tumor through the diaphragm and up to a level at which it could be and was anastomosed 
to the side of the esophagus (Fig. 12). The postoperative course was smooth. He was able 
to eat a liberal soft diet on the seventh postoperative day (Fig. 11, B). Rienhoff used a 


similar procedure for a case of acholasia with gratifving results.9 


DISCUSSION 


Preoperative Care—Although important in any ease, the nutritional prob- 
lems posed by these patients are especially great, since they must undergo a lone 


shocking operation and one which is fraught with the danger of many compliea- 
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tions (pulmonary atelectasis, pleural effusion, mediastinal shifts, possible leak 
at site of anastomosis, ete.). This makes it imperative that we achieve optimal 
preoperative conditions. 

Such patients must receive especial attention to their nutrition. High vita- 
niin, antianemic diets, containing 200 Gm. of protein per day are advised for a 
period of two weeks if possible. The case of Mr. J. L. mentioned previously 
should be noted. In that ease, the decompression tube which unexpectedly passed 
through the previously obstructed cardia of the stomach allowed us to give him 
a relatively normal alimentation for sixteen days. This not only spared the 


veins, but definitely improved the ability to withstand the operation, 
Sil 
rs 


Unresectable 
tumor —es> 


/ 


\ 
\ A 


Fig. 12.—Drawinz to illustrate the use of the Roux Y to circumvent obstruction between 
unremovable tumor in the region of the cardia of the stomach. The same procedure can be 
used about a strictly gastric tumor or can be used for achlasia. 

The addition of large amounts of the essential vitamins should be attended 
to; 000 meg. of vitamin C, 2 me. of vitamin Kk, and twice the daily requirement of 
the B complex should be administered either orally or parenterally. 

We feel that preoperative gastrostomy is rarely indicated and preter to 
proceed with the resection as soon as possible. 

The patient’s fluid requirements on the operating table should be anticipated 
by the placing of a cannula within the vein. We elect to avoid a needle since a 
needle often becomes displaced toward the end of the procedure when fluid and/or 
blood is of paramount immediate importance. It will be difficult to replace. In 
addition to this, in one patient we had inadvertently resected a small portion 
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of the vena cava in resecting the tumor-bearing lymph nodes about the hilus of 
the stomach. The ease with which the temporary but severe blood loss was re- 
placed through our open cannula more than justified the time required to place 
it at the beginning of the operation. Whole blood administered at a rate of 1 
liter an hour had been found to be optimum in covering the sensed and unsensed 
blood loss. This, of course, may be inereased at the discretion of either the 
surgeon or the anesthesiologist. 

Incision.—The combined abdominothoracie incision of the type reecom- 
mended by Carter and associates, Humphries,* and Carlock? is the incision of 
choice in sueh cases. Such an incision allows abdominal exploration to determine 
resectability of the tumor. It allows adequate exposure for careful assay of 
the extent of the lesion and more expedient execution of the operation. Perhaps 
more important than anything else, the esophageal anastomosis whieh must be 
done with meticulous care can be executed in the center of the operative field, 
where it is the easiest to do (Fig. 13). The faet that we have done gastrectomy 
through a simple abdominal approach with success does not lessen the greater 
value and safety afforded by the combined incision. In one recent case, a tear 
in the wall of the esophagus was inadvertently made in placing a serosal suture. 
This tear resulted not so much from carelessness in placing the suture (because 
we were being very careful), as from the fact that the tension which was placed 
upon the esophagus to hold it down into the abdomen (to a level at which we 
could operate) was so great that the esophageal wall had been unexpectedly (and 
inexcusably) thinned out. The defect was luckily reeognized and covered 
(Fig. 6). This hazard would not have been necessary had the proper incision 
heen employed. 

Resection.—In addition to the necessity of resecting all of the tumor-bear- 
ing portions of the esophagus and stomach, the neighboring lymph = node- 
containing tissues must be resected. This means that the entire gastrohepatic 
omentum with its lymph nodes and the greater omentum must be removed. The 
resection of neighboring organs which are involved by direct extension of tumor 
is also indicated. Thus the colon, spleen, pancreas, left lobe of the liver, and 
sometimes even the left kidney may be removed en bloe with the specimen. 

Anastomosis.—In attempting to prevent a leak from developing at the 
anastomotic line, we feel that there are two factors of importance. First is the 
provision of the loop of Roux Y which is completely free from tension. Second 
is the detailed care used in establishing the anastomosis. The laxness and free- 
dom from tension desired in the Roux Y can be assured by the adequate freeing 
of the mesentery of the jejunum and can be maintained after anastomosis by 
the use of relaxing stitches which hold the jejunum up toward the esophagus. 
These stitches can be placed between the parietal pleura and the jejunum or 
between the jejunum and the loose connective tissue in front of the vertebrae. 
These fixation sutures should be placed at several levels, not only thoracieally, 
but actually abdominally to help immobilize the segment of jejunum in place 
above the transverse mesocolon. We prefer to bring this loop of jejunum 
through the transverse mesocolon since it shortens the length of bowel necessary 


and since actually it places the jejunum in the right direction to enter the 


esophageal hiatus of the diaphragm without kinking. 
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The actual anastomosis itself (Fig. 14) we have attempted to accomplish 
in such a way that there is a considerable breadth of contact between the wall 
of the esophagus and the wall of the jejunum. We have found that interrupted 
white cotton or silk sutures may well establish an outer ‘‘seroserous’” layer. 
These sutures should all be placed before being tied, as shown in Fig. 13, B, to 
avoid inadvertent tearing of the delicate esophageal wall. Following this the 


“-- Sutures as high 
i) ,above tumor as 
Be technically Feasible 








Fig. 13.—Drawing to illustrate the essential points in esophagogastrectomy. A empha- 
sizes the use of a combined thoracoabdominal incision. The exact technique of this may be 
varied, B, illustrates the placement of the posterior row of outer sutures. The placing of all 
of the sutures before the tying of any one is of importance in order to avoid the possibility of 
tearing of the esophageal wall already immobilized by one suture, in placiny the second. C 
illustrates the beginning of the second row of interrupted sutures. Note that the anastomosis 
is being executed in the center of the operative field and is hence relatively easy to accomplish. 
Not indicated in the drawing are the lymph glands and associated structures of the gastro- 
hepatic omentum and the entire greater omentum all of which are resected en blce. 
esophageal musculature is incised at least '+ inch away from the laver of sutures. 
Because of the thickness and separateness of the esophageal musculature, we 
have sutured the cut end of the esophageal musculature to the serosa of the 
Jeyunum as a second laver in our anastomosis. This has been done with inter- 
rupted fine black silk (Fig. 14, B). The mucosa of the esophagus is opened and 
a continuous suture of very fine (OQ0000) chromie catgut suture is used to ap- 
proximate these structures (Fig. 14, (and D). The middle and exterior row of 
sutures are then placed on the anterior portion of the anastomosis (lig. 14, 
FE and F). At the completion of the anastomosis no black silk sutures should 
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he visible between the White silk sutures used in the outer laver. As mentioned 
previously, the phiability of the jejunum allows it to be drawn up around the 
esophagus as a cuff and this can be extended when any technical error has caused 


a tear in the esophageal wall. 
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Fig. 14. Technical details of inastomosis. i Already placed interrupted suturse are 
shown being tied. B, The incision into esophageal muscularis shown should be at least 4 to %& 
inch distal to the first row of outer sutures. This is to allow for the muscular contraction 


Which always follows. C and )p illustrate the use of continuous very fine catgut in the 
mucosal stitch; HE, the middle row of interrupted sutures. Black silk is used so it can be seen 
and excluded by the last Inyer, illustrated in F. 
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A tube for decompression has been used in all of these cases, left down to 
a level just above the esophagojejunal anastomosis. It has been both surprising 
and eratifving to find that jejunal contents were aspirated through the Levine 
tube on the third day in several cases, thus indicating the absence of stomal 
closure by postoperative edema. 

Closure.—_The details of closure must be executed with care. In one case 
cited here, strangulation occurred as a result of inadequate closure of the trans- 
verse mesocolon and diaphragm. In addition, accurate and secure closure of 
the thoracic cage is necessary to restore its strength. The patient must be 
able to cough freely and vigorously postoperatively. Pericostal sutures and 
secure closure of the musculature of the abdominal and thoracie wall should 
be made. The importance of expectorating mucous plugs in cases of this nature 
is well known to all. In one of our cases, not mentioned herein, and not done 
for carcinoma of the cardia, failure to provide a secure chest wall resulted in 


fatality from unexpectorated mueus. 
CONCLUSIONS 


1. The utilization of the Roux Y probably makes more radical resections 
possible in cases with carcinoma centered about the cardia of the stomach. 

2. We believe that this technique may actually lower the operative mortality 
since it allows more complete resection of the tumor and particularly because it 


allows easier technical execution of the anastomosis. 
3. It should be associated with very little danger of duodenal stump 
‘blowout. ? 


4. The jejunum placed in the thorax occupies only the space in the medi- 
astinum created by the removal of the esophagus. This avoids the compression 
of the lune which occurs to some extent when the stomach is brought up into the 
chest and anastomosed to the esophagus. 

5. Its use in isolated cases as a means of palliation is suggested, 


6. Some important technical details are emphasized. 
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INTRAHEPATIC: CHOLANGIOJEJUNOSTOMY WITH PARTIAL 
HEPATECTOMY FOR BILTARY OBSTRUCTION 


W. P. LONGMIRE, Jr., M.D., AND (BY INVITATION) M. C,. SANFoRD, M.D., 
BALTIMORE, Mbp. 


(From the Departme nt of Surgery of the Johns Hopkins School of Medicine and the 
Johns Hopkins Hospital) 


INTRODUCTION 


HIS report presents a method of treating extensive obstructions of the 





common duct or common hepatic duct by anastomosing one of the intrahepatic 
biliary ducts to the jejunum following partial resection of the left lobe of the 
liver. The procedure has been successfully employed in one case of recurrent 
obstruction of the common hepatic duct, and attempted unsuccessfully in three 
cases of congenital biliary atresia in which previous explorations had shown 
complete absence of the extrahepatic billary system. 

Restoration of the function of the sphineter of Oddi is) desirable in 
choledochoplasty, and as has been stressed by Lahey,’ Cattell? and others 
whenever possible the continuity of the biliary tract should be re-established 
by some type of anastoniosis of the duct above and below the point of obstruction, 
Unfortunately such a procedure is at times not feasible, and some type of 
choledochoenterostomy or choleeystenterostomy must be substituted. It is only 
in those cases where all such methods have proved inadequate that an attempt 
may be made to utilize an intrahepatic duct for biliary drainage. 

Technique.—The abdomen is entered through a V-shaped bilateral sub- 
costal incision which is extended further to the left than to the right. Any 
adhesions about the left lobe of the liver are freed. The triangular ligament 
is divided and the left lobe of the liver is elevated from the diaphragm (Fig. 1). 





A piece of wide tape is passed about the base of the left lobe and traction Is 
applied to hold this portion of the liver forward. Starting at the anterior edge 
of the left lobe just to the left of the round ligament, two or three mattress 
sutures of large sized catgut or heavy silk are placed through the entire thick- 
ness of the liver and the left lobe is partially divided just distal to these 
sutures, thus bringing the liver incision into the middle third of the left lobe. 
While the liver substance is compressed between the thumb and index finger to 
control bleeding, the incision is cautiously extended posteriorly, with careful in- 
spection of the proximal cut surface for evidence of a major bile duct (Fig. 2). 
If no such duct is encountered after extension of the incision for about 11. em., 
an additional mattress suture is placed through the liver, and the incision con- 
tinued until a duet of suitable caliber is identified. Releasing the compress- 
ion and allowing blood to escape from the cut surface will aid in differentiat- 
ing veins from ducts, although before the anastomosis is begun a catheter is in- 
serted into the duet and bile is aspirated for positive identification. Bleeding 








from the liver above and below the selected duct is somewhat more difficult to 
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control but may be treated by the application of some hemostatic agent such as 
(ielfoam or by carefully placed sutures which include the tissue above and below 
the duet. 

After a suitable duct is identified the liver 


nearest point on the edge of the lobe; a wedge-shaped segment of the left lobe 


incision is extended to the 


is resected and hemorrhage again controlled with through-and-through mattress 
sutures. The liver tissue immediately surrounding the selected duet is) then 
‘cored out’ with a sealpel or curette to give additional leneth of the duet for 
the reconstruction. In cases of biliary obstruction in adults the major intra- 
hepatic duets are dilated and have thickened fibrosed walls which are well 


suited for a suture anastomosis (Fie. 3). 


Incision 





Fig. 1.—-Mobilization of left hepatic lobe by division of triangular ligament; bilateral sub- 
costal incision shown in inset. 


A suitable loop of jejunum is selected for the anastomosis and a row ol 
interrupted sutures is placed between the inferior portion of the cut liver capsule 
and the mesenteric border of the intestine (Fig. 4). A small opening is then 
made into the lumen of the jejunum opposite the selected duet, and the duet 
wall is sutured to the mucosa and submucosa with interrupted sutures (Fig. 5). 


\ short seement of rubber catheter is sutured with catgut to the intestine in 
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Division of liver between mattress sutures; identification of intrahepatic duct. 
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Fig. 3.—Cut surface of left lobe of liver after wedge resection. Mattress suture directly 
above intrahepatic duct does not pass completely through liver; it includes only the tissue 
above duct. A similar suture placed on the undersurface of liver includes liver tissue inferior 
to duct. 
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Fig, 4.—Mesenteric border of jejunal loop is sutured to inferior cut edge of liver. <A 
small incision is made in jejunal wall for the anastomosis. Inset shows cross section of com- 
pleted anastomosis with antimesenteric border of jejunal loop sutured to superior surface of 
liver. 





Fig. 5.—End of intrahepatic duct sutured to incision in side of jejunal loop. Interrupted 
sutures of 00000 silk used for mucosa-to-mucosa anastomosis. A small rubber catheter is 
left through the anastomosis. 
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such a way that it passes through the anastomosis into the bile duct. The 
antimesenteric border of the jejunum is sutured to the superior surface of the 
liver capsule along the cut edge. This maneuver completely peritonealizes the 
entire raw liver surface and re-enforees the anastomosis. An enteroenterostomy 
should be performed between the two jejunal loops proximal to the biliary 
anastomosis (Fig. 6). If desired, a Roux type segment of the jejunum as 
described by Allen® may be used for the anastomosis. The region of the 
anastomosis is drained and the incision closed in layers. 





Fig. 6.—Completed anastomosis with enteroenterostomy between two limbs of jejunal loop. 


CASE REPORT 


M. W., a 54-year-old colored woman, was admitted to the hospital with signs and 
symptoms of complete biliary obstruction. Two previous attempts had been made to correct 
an acguired stricture of the common duct. At the first operation on Sept. 16, 1945, an 
end-to-end repair of the duct was performed; at the second operation on Noy. 23, 1946, a 
very short segment of the proximal end of the common hepatic duct was anastomosed to 
the jejunum. Both procedures had been temporarily successful but obstructive signs had 
returned after a few months. The patient was known to have been jaundiced for at least 
three months prior to the present admission. On physical examination there was evidence of 
weight loss and marked jaundice. The stools were completely acholic. The urine was highly 


colored and gave a positive test for bile. 
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The results of laboratory tests were as follows: Serum bilirubin, total, 15.6 mg. per 
cent, direct, 10.0 mg. per cent; phosphatase activity, 38.1 units; total serum protein, 7.8 
Gm. per cent; albumin, 3.9 Gm. per cent; globulin, 5.9 Gm. per cent; thymol turbidity, 7.4; 
prothrombin time, 19 sec., 65 per cent of normal. 

The rubber tube that had been placed through the choledochojejunostomy at the 
previous operation was now seen by x-ray examination of the abdomen to have passed into 
the left lower quadrant. 

With a preoperative diagnosis of recurrent complete biliary obstruction, an exploratory 
laparotomy was performed April 2, 1947. The technique of the operation has been outlined 
in the preceding section. An intrahepatic duct which admitted a size 14 French catheter was 
used for the anastomoses. The intrahepatic ducts contained white bile with occasional 
strands of green-stained mucoid material, A very short jejunal loop was inadvertently 


used and it was not feasible to perform the enteroenterostomy as recommended, 
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Chart 1.—Serum bilirubin levels of patient before and after intrahepatic cholangiojejunostomy. 
Operation performed April 2, 1947. 


Postoperatively bile was noted in the stool for the first time on the seventh day and 
was present in all specimens after that time. The temperature was elevated during the 
first two and one-half weeks after operation, but declined without definite determination 
of the cause. The fever was in part accounted for by the daily intravenous injection of a 
protein hydrolysate solution as it subsided shortly after these injections were stopped. The 
short jejunal loop with angulation at the ligament of Treitz was responsible for the occasional 
attacks of vomiting which occurred during the first three weeks after operation. A 
small quantity of bile-stained fluid escaped from the peritoneal cavity about the drains 
during the first six days after operation. There was no subsequent drainage. The incision 
healed per primam. Microscopic sections of the liver tissue removed at operation showed 


evidence of biliary cirrhosis. 
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After an initial rise the blood bilirubin fell, and although it remained at a slightly 


elevated level there were clinical symptoms of jaundice for only two brief periods when the 


serum bilirubin was elevated to 5.5 mg. per cent (Chart 1). On both occasions the only 
symptom was mild generalized itching. Bile was always present in the numerous stool 
specimens examined. Appetite remained good. Upon questioning, the patient professed to 


have vague intermittent abdominal discomfort which, however, was never severe enough to 
prompt her return to the outpatient clinic except when asked to return for follow-up 
studies. On the last visit, nine months after operation, the patient’s general condition was 
good. She was eating well. There had been a slight gain in weight and she seemed 


definitely stronger. The sclerae were a normal color. There was slight icterus of the oral 


mucous membranes. A specimen of stool contained bile. Foams test of the urine was 
negative for bile. The following laboratory tests were obtained: Nonprotein nitrogen, 


33 mg. per cent; blood sugar, 84 mg. per cent; serum bilirubin, total, 2.7 mg. per cent, 
direct, 1.5 per cent; refractive index, S.S) Gm. per cent protein; cephalin flocculation, 
negative; thymol turbidity, 5.6 units. 

The procedure was unsuccessfully attempted on three infants who had 
been found at a previous operation to have complete agenesis of the extra- 
hepatie biliary system. In the first of these it was thought at operation that 
a very small intrahepatic bile duct had been cannulated with a ureteral catheter 
and implanted into the jejunum. The stools were a green color for about three 
days after operation; then they again became acholie and remained so. At re- 
exploration three weeks later the mucosa of the jejunum was found to be healed 
over in the region of the anastomosis, and there was a cyst containing about 2 
¢.c. of bile-stained fluid between the mucosa of the bowel and the surface of the 
liver. The eyvst wall was opened widely into the lumen of the jejunum and 
again green colored stools were passed for a period of four days after operation 
before they became acholic. The child subsequently died, and at post-mortem 
examination there was found to be no communication between the jejunum 
and the intrahepatic biliary system. 

In the second case we were unable to locate any suggestion of an intra- 
hepatic duet, and microscopic sections of the liver tissue removed showed bile 
eanaliculi but no bile ducts. It was our conclusion that this child had agenesis 
of both the extrahepatic and intrahepatic biliary systems. 

In the third patient a fibrous cord 8 to 4 mm. in diameter was found 
in the mid-portion of the left lobe of the liver. This cord contained two 
relatively large veins, an artery, and, in addition, at least three minute openings 
could be seen from which small amounts of bile-stained fluid could be expressed. 
The vessels were individually ligated and the stalk was implanted into the 
lumen of the jejunum. Green stools were passed for seven days postoperatively. 
They then became acholic and remained so until the child died on the twelfth 
day after operation. At autopsy the region of the anastomosis was seen to be 
well healed. The fibrous cord could be seen projecting into the lumen of the 
jejunum but there was no opening into the biliary system. 

It was felt that in two of these cases we had been able to establish a 
temporary biliary intestinal communication, but we have been unable to devise a 
method of keeping this small opening patent. 




















LONGMIRE, JR., AND SANFORD: INTRAHEPATIC CHOLANGIOJEJUNOSTOMY 27] 


DISCUSSION 


Although the indications for the procedure herein deseribed are quite 
limited, the technique does offer a rational surgical procedure for a 
certain group of cases of biliary obstruction in adults, the treatment of which 
has hitherto been unsatisfactory. When the procedure is indieated it has 
certain. very definite advantages over the usual orthodox approach. Instead 
of re-entering the previous operative field about the hilus of the liver and the 
hepatoduodenal ligament where dense, vascular adhesions and obliteration of 
landmarks make dissection extremely tedious and hazardous, an approach 
through the left upper quadrant avoids most of the scarring and adhesions from 
previous irritation. A minimal amount of such reaction is encountered to the 
left of the ligamentum teres even in patients who, like the one reported, have 
undergone several previous operative procedures. 

With the left lobe of the liver elevated in the manner described, the 
exposure and accessibility of the selected intrahepatic duct are such that a 
much more accurate anastomosis can be performed between the duet and the 
intestine than is frequently possible when attempting to use a short stump of the 
common hepatie duet deep in the hilus of the liver. Ladd and Gross,* Walters, 
and Heim,’ Cole and associates,® and others have stressed the importance of 
accurate approximation of the mucosa of the duct and the intestine to prevent 
subsequent strictures and associated cholangitis. 

Several anatomic changes occur in the chronically obstructed liver which 
make the organ more amenable to surgery than the normal liver. The 
generalized increased fibrosis associated with the biliary cirrhosis and_ the 
thickening of Gibson’s capsule allow mattress sutures through the liver sub- 
stance to be tied securely without cutting through the tissue. The periductal 
fibrosis thickens the duct wall so that it is well adapted to a suture anastomosis, 
and the generalized dilatation of the duet system provides a larger intrahepatic 
opening into the biliary tree than would normally be available. 

If the extrahepatic obstruction is high enough to block the communication 
of the left and right main hepatie duets, a condition which probably occurs very 
infrequently, it is uncertain how much of the liver substance would be drained 
hy this procedure. Little is known about the communication of intrahepatic bile 
channels in the presence of obstruction of a portion of the biliary tree in man. 
Experimental studies have shown considerable variation in the reactions of diff- 
erent laboratory animals to obstruction of a portion of the biliary system. 
Stewart, Cantarow, and Morgan*® found no evidence of intrahepatic biliary eom 
munication between the obstructed and nonobstructed portions of the cat’s 
liver. They noted a sharp line of demarcation between the two liver segments. 
Demonstrable impairment of hepatie function occurred occasionally following 
the ligation of a single extrahepatie duct. Harley and Barratt* found little 
eross difference between the obstrueted and nonobstructed segments of the cat's 
liver after five to six months. Rous and Larimore® observed a rapid atrophy 
of the obstructed portion of the rabbit’s liver with a commensurate hypertrophy 
of the unobstructed segment, the former being reduced to a fibrous tag at the 
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Fig. 7.—Roentogram of liver prepared by Sloan. Left main 
paque solution; left hepatic duct drains left lobe, quadrate lobe, 
lobe. 






Fig. 8.—Roentogram of liver prepared by Sloan. Right 
radiopaque solution; right hepatic duct drains the right lobe 
lobe. 
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end of four months. These animals remained in good condition and showed no 
signs of jaundice. Some evidence of intrahepatic biliary communication between 
the segments was noted. 


Study was done* 


on the portions of the liver drained by the right and left 
main hepatie ducts by tying off one or the other of these duets, in human 
livers obtained at autopsy, injecting a radiopaque solution into the remaining 
patent duet, and making a roentogram of such preparations. By this method 
it can be seen that the left main hepatic duct drains the left lobe, the quadrate 
lobe, and most of the caudate lobe (Fig. 7). The right main hepatie duet 
drains the right lobe and a small portion of the eaudate lobe (Fig. 8). There 
is no evidence in these preparations of intrahepatic communication of the two 


duct systems. 





Fig. 9.—Plastic cast of intrahepatic biliary system showing relative size of right and left duct 
systems. 

Injection of the right and left duct systems with different colored plastic 
solutionst and digestion of the liver substance prepares a cast of the intra- 
hepatic duct system which again emphasizes the rather large portion of the 
liver drained by the left main duct (Fig. 9). There is also evidence that the 
region of the caudate lobe is drained by both the left and right main duets, and 
there is suggestive evidence that the two systems communicate through numerous 
fine duets in this area, as certain of these ducts contained plastic material of 
both colors. These observations, together with the large functional reserve 
of the liver, would suggest that even in cases where biliary drainage is incomplete 
it would probably be adequate. 

The difficulties encountered in maintaining the patency of the intrahepatic- 
jejunal communication in infants might well make one skeptical of all such 
anastomoses. In adults, however, we believe it should be possible to obtain 


*By Dr. Robert Sloan, Assistant Resident in the Department of Radiology, The Johns 
Hopkins Hosiptal. 


7Vinylacetate in a 5 per cent solution of acetone. 

















Fig. 10.—Dog’s 
cholangiojejunostomy. The common 
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biliary 
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liver and attached jejunum with probe passing through intrahepatic 
duct had been ligated and the gall bladder removed priot 
moderate dilatation of the extrahepatic 


performance of this anastomosis. There 


system. 








11.—Photomicrograph of intrahepatic cholangiojejunostomy showing mucosa-to-mucosa 


healing. 
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an intrahepatic duct large enough so that a direct end-to-side anastomosis may 
be performed, and the chances of maintaining the pateney of such an anastomosis 
are much better than in the implantation procedures used in infants. The intra 
hepatice-jejunal anastomosis will of course be subject to all of the complications, 
such as stenosis, ascending infection, and so forth, that occur in anastomoses 
hetween the extrahepatic biliary system and the alimentary tract. Certain 
features of the procedure have been mentioned which might lessen the incidence 
of such complications when an intrahepatie duct is used. 

The procedure has been carried out in does to study the performance of 
the anastomosis and its effects on the liver and remaining duet system. In the 
animal from which specimens were obtained for Figs. 10 and 11, the common 
duet was doubly heated and divided and the eall bladder removed. One 
week later the major portion of an anterior lobe of the liver was excised and 
the proximal end of the principal duct anastomosed to the side of a jejunal loop. 
An enteroenterostomy was performed between the two limbs of the jejunal 
loop. Two months later at the time the animal was killed, it was in good 
health, there was no jaundice, and the stools were of normal color. The 
anastomosis between the bile duet and the jejunum was patent and well healed 
without evidence of stricture. There was moderate dilatation of the extrahepatic 
biliary system. The mucosa of the jejunal loop was covered with bile-colored 
fluid. The duet used in this experiment was considerably smaller than that 
found in the adult patient previously described.  Sueh experimental results 
support our view that intrahepatic bile ducts may be used for biliary drainage. 
Further experimental studies are in progress. 

Previous rather erude attempts have been made to divert the contents of 
the intrahepatie billary system directly into the alimentary tract by reseeting a 
small portion of the free liver edge or by inserting a cautery or a probe into the 
liver substance and then diverting the resultant drainage into the stomach or 
intestine either by subsequent implantation of an external fistula or by primary 
anastomosis of such a wound to an opening in the alimentary traet. Eliot!’ 
in 1918 collected fifteen such cases of primary anastomosis with at least 
temporary improvement in six of the patients. Hemorrhage, peritonitis, and 
insufficient biliary drainage were the complications most frequently responsible 
for failure of these attempts. In recent years such methods have been generally 
abandoned in favor of more reliable techniques. The anastomosis of an external 
intrahepatic biliary fistula to the jejunum by Carter and Marraffino'’ in 1944 is 
the only successful case of this kind found in the recent literature. 

The procedure presented in this paper is designed to drain the intrahepatic 
biliary system directly into the intestinal tract; other than this it has nothing 


in common with these previously suggested methods. 


SUMMARY 


A new method = is presented of treatine extensive obstruction of the 
extrahepatic biliary system, the treatment of which has hitherto been unsatis- 
factory, by anastomosing one of the intrahepatic biliary duets to the jejunum 
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following a partial resection of the left lobe of the liver. It should be 


emphasized that although our experience with the procedure has been encourag- 
ing, it has been limited both clinically and experimentally and the final 
evaluation must await further clinical observations. 


ADDENDUM 


Since this paper was submitted for publication the procedure has been carried out in the 


case of two additional adult patients. In both, adequate biliary drainage has been obtained. 


A. large intraperitoneal abscess, presumably resulting from a previous exploration, was imad 
vertently opened during the operation on one of these patients, and her postoperative course 


has been difficult and prolonged. Drainage of numerous intraperitoneal abscesses has been 


required. The flow of bile into the intestinal tract, however, has been unimpaired. 
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ANEW METHOD FOR SURGICAL TREATMENT OF 
LARGE OMPHALOCELES 


ROBERT I. (TROSS, M.D... Boston, M ASS. 


(From the Department of Surgery of the Children’s Hospital and the Harvard Medical School) 


KCAUSE of differences in prognosis and surgical treatment, an omphalocele 

must be differentiated from the usual form of umbilical hernia. The latter 
condition is frequently encountered in childhood and is characterized by a defect 
of small or moderate size in the reetus fascia and muscles of the navel area, so 
that a peritoneal sac bulges forward and is covered only by skin. In contrast, an 
omphalocele is a congenital abnormality in which there is a wide separation of the 
fasciae and museles in the central part of the abdominal wall, and the bulging 
peritoneum (amniotic membrane) has no cutaneous covering. Omphaloceles 
have such thin-walled sacs that they are likely to rupture in the first hours or 
days of life; abdominal evisceration is a grave or fatal complication. To avoid 
such catastrophies, omphaloceles should be operated upon immediately after 
birth, and indeed it is preferable to repair them in the first hours, before the 
child has swallowed air or milk which distends the gastrointestinal traet and 
thereby inereases the surgeon's difficulties at the operating table. 

Omphaloceles vary greatly in size. The smaller ones are no more than 2 
or 3-cm, in cross dimensions. The largest ones are 12 to 15 em. in diameter and 
may have a larger cubie capacity than the child’s main abdominal cavity. There 
are all ranges in size between these two extremes. Small or moderate-sized 
omphaloceles usually encase only a few loops of intestine, but the larger ones 
contain more of the hollow viscera and, in addition, a considerable part of the 
liver. Leading frem the apex of the sae, or from the inferior surface of the 
same, there arises the umbilical cord. From the cord the umbilical vein and the 
two umbilical arteries branch out over the surface of the omphalocele sae to 
reach the margins of the abdominal wall above and below. 

Omphaloceles represent an arrest in development of the abdominal cavity 
and wall during the third month of fetal life. During that early period the 
celomic cavity normally has a forward extension into the flared-out base of the 
umbilical cord, so that a large part of the intestinal tract is displaced anteriorly 
into this recess. At a later time the abdominal cavity grows at an accelerated 
rate and becomes large enough to receive all of the abdominal viscera which are 
withdrawn into it; simultaneously, the anterior abdominal wall becomes com- 
pletely formed and the various fasciae and muscles meet and join in the mid 
line. If this normal series of events and development go awry, the abdominal 
cavity does not grow fast enough and some abdominal viscera will remain in the 
hase of the umbilieal cord—protruding through a large defect in the abdominal 
wall and covered only by a thin membrane. 

If omphaloceles are small, there is no real surgieal problem in repairing 
them; it is a simple matter to excise the sac completely, replace loops of intestine 
within the abdomen, and bring together the various lavers of the abdominal wall 
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to make a sturdy repair. In distinet contrast, large omphaloceles present 
formidable surgical problems and are attended by high fatality rates. When 
the herniation is great, the surgeon will find that the abdominal cavity Is rela- 
tively small and will not receive the various displaced viscera and simultaneously 
permit a satisfactory closure of the abdominal wall. Ina series of sixty babies 
treated for omphalocele at the Boston Children’s Hospital a review of the 
material shows that the size of the omphalocele sac has some prognostic value, 
In those patients with a sac less than 7 em. in diameter there was about a 75 per 
cent chance of survival following surgery. When the sae was 7 to 9 em. in 
diameter, survivals were cut to about 380 per cent. When the sacs were larger 
than 9 em. the survivals were reduced to about 15 per cent. Whenever a large 
portion of liver was found in the omphalocele, a grave outlook could be expected. 

The generally accepted therapy for omphaloceles has consisted of excision 
of the sae (with the attached stump of cord), replacement of intestines and other 
viscera into the abdominal cavity, and attempt at some sort of repair of the 
abdominal wall. In cases with small or medium-sized omphaloceles, the edges 
of the peritoneum, the rectus muscle, and the rectus fasciae can be brought to- 
eether in the midline for suitable closure. When omphaloceles are large it hes 
been difficult to push the viscera back into the small abdominal cavity and then 
complete the abdominal wall repair. There is a continual battle, often some- 
what brutal, while trying to pack intestinal loops into a cavity which is too small 
to receive them. By continued force the surgeon may be able to crowd intestines 
hack into the abdomen, and repair the musculofaseial layers, only to have a 


fatality within twenty-four or forty-eight hours after operation. Severe crowd- 


ing of viscera into the abdominal cavity is apt to give rise to three serious and 
. 6 


fatal complications. First, the diaphragm may be pushed upward so that un- 
controllable respiratory distress and even cyanosis appear. Second, great 
pressure on the inferior vena cava can impede the return flow of blood from the 
lower abdomen and legs so that circulatory collapse and even death supervene. 
Third, compression of the stomach and intestines may give rise to temporary 
obstruction. In short, the surgeon, while having spared the baby from rupture 
of an omphalocele, is faced with the dilemma of a baby in the postoperative 
period who cannot breathe satisfactorily, who has great obstruction of the 
venous circulation, and whose gastrointestinal tract has an impaired function 
because of the high intra-abdominal tension. 

If fatality rates in the treatment of large omphaloceles are to be reduced, 
it is essential to devise some method whereby the intra-abdominal crowding is 
avoided at the first operation. Ina previous communication! mention is made of 
one ease in which the omphalocele sae was excised and it appeared to be im- 
possible to get the muscles and fasciae together without undue tension ; therefore, 
only the skin and subeutaneous tissues were brought together over the intestines. 
Such a type of repair might seem inadequate, but during the ensuing weeks the 
child’s abdominal wall will become stretched and it is then possible to under- 
take a secondary repair for closure of the museles and fasciae. This general 
principle of a two-stage repair of the abdominal wall has been previously set 
forth by Ladd and Gross." <A limited experience has indicated that a two-stage 
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closure of the abdominal wall is a reasonably satisfactory attack on the problem 
because it avoids the production of high intra-abdominal pressure. The draw- 
hacks of such an undertaking (with excision of the sac and covering the intestines 
with skin only) are obviously twofold: First, the repair is extremely weak and 
vives rise to considerable anxiety during the first week or ten days following the 
initial operation, because of fear that the cutaneous suture line will not heal. 
Second, the intestines are covered by a very broad surtace which is raw and to 
which they may become densely adherent. 

To obviate the two drawbacks indicated in the last paragraph, | would like 
to suggest herewith a two-stage operation which to my knowledge has not been 
performed before. The essential feature of this therapy is to leave intact the 
omphalocele membrane (dirty though it might seem to be), cut free and widely 
undermine the surrounding skin, and then bring together these huge cutaneous 
flaps anteriorly to cover over the bulging omphalocele sac. By this maneuver the 
intestines are covered by a smooth membrane which resembles a normal peri- 
toneum, the intestines have not been exposed to the air nor have they been 
touched by any instrument or gauze, and the pressure within the abdominal 
cavity has not increased appreciably. Furthermore, the combination of intact 
omphalocele membrane and superimposed skin forms a stronger sac than was 
provided by the old operation in whieh only skin was brought together over the 
intestines. While the child may be left with a huge, bulging, and weird-looking 
mass on the anterior abdominal wall, this is compatible with life and will periait 
a secondary repair some months later when the abdominal cavity has grown 
sufficiently to receive easily the intestines and permit a closure of the muse¢les and 
fasciae. The soundness of these principles is demonstrated by Cases 1 and 2 in 
which both stages have been completed, and also by Case 3 in which the primary 
stage has been done, but the secondary repair has not vet been undertaken. — | 
am reasonably sure that in all three of these infants a fatal outcome would have 
followed any attempt at a one-stage repair of the omphalocele in the newborn 
period, 

The two-stage procedure herein proposed would appear to have certain 
hazards, none of which, however, materialized in our three patients. First, the 
omphalocele sae is obviously not sterile and to bury it (minus the stump of the 
cord) beneath the skin carries certain risks of infection. Yet, a careful cleansing 
of the same, followed by application of half-strength tincture of iodine (tineture 
of iodine diluted with an equal volume of 70 per cent alcohol) was sufficient to 
sterilize it in our three patients. Second, it is possible that wide undermining 
and mobilization of skin might lead to sloughing, particularly when the 
cutaneous flaps are applied to an underlying membrane which has no important 
vascularity. However, this has not proved to be troublesome. Third, there is 
some possibility that the amuiotie membrane might not grow to the skin which 
is applied to it, but instead that fluid might accumulate between these two 
lavers and form cysts which would be difficult to treat. No eystic accumulations 
occurred in any of the three cases here reported. Possibly the tincture of iodine 
solution caused sufficient reaction to destroy the smooth external surface of the 


amniotie sac, a process which might not have oceurred if a milder type of anti- 
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septic had been employed. Fourth, it is possible at the first operation, when 
the skin is cut away from the base of the sac for raising of the cutaneous flaps, 
that small islands of epidermis may be left on the base of the sac and covered 
up—which theoretically could give rise to subsequent inclusion cysts. This 
objection has minimal importance, since it is possible to remove such inclusion 
evsts during the secondary operation. Fifth, it is theoretically possible that a 
strong antiseptic might penetrate the thin amniotie membrane and set up 
adhesions between its inner surface and. the subjacent intestines. Llowever, 
in the first two cases the secondary operation has now been done and no intra- 
abdominal adhesions have been found. 

The experiences herein reported are limited, but they would seem to indicate 
that the largest omphaloceles can be successfully treated by this new technique. 
More cases will be necessary in order to give a better estimate of the duration 
of time which is necessary between the first and second operations. — Ti 
the first case, ten months elapsed between the two stages, and at the time of the 


second operation the abdominal cavity was large enough and the abdominal wall 


Was lax enough to permit a very satisfactory repair. The second patient weighed 


but 3! pounds at birth, and certainly any other type of operation which would 
have greatly increased intra-abdominal tension would have been a fatal form of 
therapy. The secondary operation for this child was undertaken at the age of 6 
months and although all the viscera were replaced into the abdominal cavity, the 
abdominal wall repair was made under some tension. Therefore, | had the dis- 
tinet impression that a further delay of a few months would have made the repair 
much easier. In the third patient, five months after the primary operation the 
secondary repair was still being deferred because of tenseness of the presenting 
mass. In short, the secondary repair can probably be done from six to twelve 
months after the initial operation and the time for it must be determined in any 
given case by the size attained by the infant's general abdominal cavity. When 
manual pressure on the bulging mass shows that the viscera can easily be pushed 
hack into the abdominal cavity, and when the sae wall ean be picked up readily 
hetween the exmining fingers (Fig. 3, B), then the appropriate time has arrived 
for the secondary operation. 

It is not necessary to hospitalize babies between the first and second opera- 
live steps; it has been possible in all three of these cases to discharge the children 
as soon as there is cutaneous healing after the first operation. Naturally, the 
mother has been apprehensive at first about the appearance of the enormous, 
bulging mass on the abdomen, but in each instance the parent's anxiety could be 
allaved by a careful explanation of what was being attempted, backed up with 
the assurance that the mass would not rupture. Normal feeding and bathing 
regimes were permitted. Babies were allowed to be picked up at any time and 
were treated like normal youngsters. No attempt was made to prohibit them 
from straining or crying, even though these activities momentarily increased 
the size of the abdominal mass. The bulging strueture was given some slight 
support by wrapping the baby’s torso with an elastic type of binder, for which 


a piece of 6 inch wide ace bandage served admirably. 
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CASE 1.—E. G. A. entered the hospital Jan. 7, 1947, at 10 hours of age, for treatment of 
wu large omphalocele, The child weighed 7 pounds, +4 ounces. There was an enormous omphalo 
cele, the general shape and size of which can best be judged from the drawing in Fig. 7, 4. 
The omphalocele sac was intact, transparent, and quite thin. Through it could be seen 
numerous loops of intestines and above these a segment of colon. In the upper part of the 
sac was ea large portion of the liver, estimated to be about two-thirds of the liver volume. 
The presenting, extruded mass was certainly as large—or probably somewhat larger—than 
the general abdominal cavity. No other malformations were noted. 

This was one of the largest omphaloceles that [ have ever encountered, and it was per 
fectly evident that the exteriorized portions of the liver and hollow viscera could not be 
crowded back into the small abdominal cavity even if brutal force were employed. Even 
if it had been possible to push the various organs back into the abdominal cavity, I would 
he quite certain that the intra-abdominal tension would have been so great that a fatality 
would have ensued on the operating table or shortly after the completion of the operation. 
While pondering over the surgical dilemma which was presented by these findings, the idea 
presented itself that it might be possible—in spite of the many theoretical drawbacks—to 
leave the sac in place, preserve it as a smooth membrane to protect the intestines, and cover 
it by skin which might be raised from the infant’s lateral abdominal walls, flanks, and lower 
chest. With these thoughts in mind an operative procedure was carried out, the important 
points of which are presented in Figs. | and 2.) The omphalocele sac was carefully cleansed 
with half-strength tincture of iodine (tincture of iodine diluted with an equal part of 70 
per cent alcohol), This was allowed to dry thoroughly and a second coat was applied—be 
cause I was apprehensive about the sterility of the sac. The stump of the umbilical cord was 
eut off and discarded, the remaining base being appropriately closed with a few interrupted 
silk sutures, The skin was then cut away from the entire circumference of the bottom of the 
omphalocele sac, making no Opening in the underlying membrane, The surrounding skin was 
then widely undermined and mobilized, carrying this dissection well down to the pubic region, 
up to the breast areas, and well around into each flank, reaching from below the crest of the 
ilium well up over the sides of the thorax, almost to the base of the axilla on either side. 
When these extensive flaps had been fashioned the edges were grasped with a number of 
Allis clamps so that the flaps could be stretched upward and brought over the omphalocele 
sac. During this maneuver the apex of the sae was slightly depressed with a malleable ribbon 
retractor (Fig. 2, D). Without excessive tension, the skin flaps then could be made to cover 
the omphalocele entirely. A deep laver of fine silk sutures (Q0Q000 Deknatel) were placed so 
as to include subcutaneous fat and the deeper portions of the corium. After a number of these 
had been placed, the cutaneous margins were brought together with interrupted silk stitches. 
These steps left a most grotesque-appearing bulging mass extruding from the abdomen, which, 
however, was covered by skin and which was well tolerated by the infant. Certainly the 
respirations or circulation had not been embarrassed in the slightest. A suitable sterile 
dressing was applied. 

For twenty-four hours after operation the infant was kept ina high-concentration oxygen 
tent and constant gastric suction was emploved, After this time sips of water were given 
every few hours which seemed to be tolerated well, On the second postoperative day 5 per cent 


dextrose in water was given in 15 ¢.c, amounts every two hours. On the third postoperative 


dav a dilute milk modification was started which was increased in amount and in strength so 


that by the end of a week a full formula was being taken, Intramuscular penicillin was given 
for nine days. The cutaneous sutures were removed on the eighth postoperative day. There 
Was some delay in healing in the central part of the wound, yet healing progressed sufficiently 
to permit discharge of the baby from the hospital on the fifteenth day. A sterile dressing and 
suitable adhesive strapping to encase the entire abdomen were employed for six weeks. 

For the following eight months the baby was examined frequently. During this time 
the intestinal functions were quite satisfactory. The infant fed well, and did not seem to 
be in any distress. Indeed, the baby always appeared to be quite comfortable, in spite of the 


fact that she presented a bulging abdominal mass which at first was horrifying to the parents. 
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The skin always remained in good condition and seemed to have an adequate circulation, Tub 


bathing was permitted, After the sixth week dressings were discontinued, but a slightly 
elastic binder was always kept around the baby’s body, except for short periods when the in 
fant was being bathed, For this elastic binder, a wide ace bandage, wrapped several times 
around the baby, seemed to be most effective, During the first six months of life the present 


ing mass was always quite tense; manual pressure over it gave the impression that viscera 


Umbilical cord 


cut © f f 


Incision 
only through 
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omphalocele (from Case 1) showing large 


Fig. 1 Primary operation. 1, Drawing of 
size of the presenting mass, which was covered by a thin, transparent sac. The sac contained 
many loops of small intestines, part of the colon, and a large part of the liver. B, Stump of 
umbilical cord has been cut away. Skin edge is being cut away from base of the omphalocele 


sac, taking great care to avoid opening the sac 


could not vet be displaced back into the abdomen, 


for the first time that the presenting mass was beginning to get softer and 


During the seventh month it was noted 


less tense. By 
ere Was considerable laxity of the abdominal wall and by manual com 
pression the various orgaus could be pushed back 


the eighth month th 


and aimost contained within the general 


abdominal cavity. By the tenth month there was a great laxity of the sac, and with very 


little effort the intestines and the liver could be displaced backward into the abdomen, and 
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Skin widely undermined 


Fig, 2.—Primary operation, continued. (C, Skin has been cut away from entire circum- 
ference of base of omphalocele sac. The skin has then been widely undermined as far down 
as the pubes, up to the breasts, and as far around as both flanks. J), Skin edges grasped by 
Allis clamps and pulled up ever the intact omphalocele sac. HH, Closure of skin (using buried, 
interrupted silks to subcutaneous tissues, followed by interrupted silks to the skin). There is 
no crowding of vicera back into the small abdominal cavity. 
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they could be held down below the level where a normal abdominal wall should be. Hence, 
it was decided to perform the secondary repair at this time. 
The baby re-entered the hospital Oct. 20, 1947. The weight was 16 ponnds, 10 ounces. 
The appearance of the abdomen is indicated by Fig. 7, C. The general condition of the child 
was excellent. For thirty-six hours, preoperative preparation consisted of constant gastric 
suction and the use of a tent carrying a high concentration of oxygen, hoping by these two 


steps to deflate the intestines and to facilitate the subsequent operative procedure, 


ER; 


Fig. 3.—Secondary operation 1, Appearances 
second operation (at 10 months of age). B, 
have been squeezed back into the 
Jooseness demonstrated. 


of the skin-covered mass at beginning of 
Showing the laxity of the sac wall. The 


; viscera 
abdomen, following which the sac can be 


grasped and its 


Secondary operation Was carried out October 22, under 


ether anesthesia, A midline 
incision Was made over the apex of the mass, carrying this incision through the skin and the 


underlying peritoneal membrane, Introducing scissors into the abdomen, this opening was 
carried upward to the xvphoid and downward to the pubes, To my great delight, no adhesions 
were found between the inner surface of the sac and the subjacent intestines. The 


subse 
quent steps in the repair are illustrated in Figs. 4, 5, and 6. 


The essential steps in this re 
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_--“Sac opened 


Fig. 4.—Secondary operation, continued. C, Thin sac opened, showing lack of adhesions 
between viscera and interior of the sac. D, Left side of abdominal wall flap held so that peri- 
toneum can be separated from skin. HF, Separation of flap components continued until left 
rectus muscle is identified and isolated. 





SURGERY 


Cuttine ayay 
i) 


excess peritoneum 


G 


Peritoneal 


closure 





sutures 


neem oe 





Fig. 5.—Secondary operation, continued. F, Right side of sac has been split into its 
component layers. Iixcess peritoneum will be cut off at dotted line. G, Peritoneum easil) 
closed, with running fine catgut suture. H, Rectus musele bellies being approximated with 
interrupted silk sutures. 
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pair were (1) the splitting of the sae wall into its two component layers of skin and perito 


neum (old amniotic sae), carrving this separation laterally until the displaced rectus muscle 


bellies were encountered and could be isolated, (2) cutting away the excess peritoneum, 
3) closing the remaining peritoneal layer with a running, fine, chromic catgut suture, (4 


freeing of the reetus muscle bellies sufficiently so that they could be brought together in the 


midline with a row of interrupted silk sutures, (5) isolating and freeing sufficiently the borders 
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rectus fascia 
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Fig. 6.—Secondary operation, continued, J, Anterior rectus fascia dissected away from 
underlying muscle, and then repaired with interrupted fine silk sutures. J, Excess skin being 
cut away. KA, Closure of skin. 





of the anterior, rectus fasciae so that they could be likewise approximated in the midline with 
interrupted silk stitches, (6) cutting away the excess cutaneous flaps, (7) placing a row of 
interrupted silk subcutaneous stitches, and (8) repair of the skin with interrupted silk stitches. 

During this secondary operation it was of interest to note several things: First, that 


the eutaneous flaps had become densely adherent to the underlying peritoneal (amniotie sac 
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cord 


_-Intestines 
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C. 
D 
Fig. 7.—Stages in the omphalocele repair (Case 1). A, Drawing of original lesion 


The presenting mass is about the same size as, or possibly a little larger 
i weeks after first stage operation. C, 
operation. 


before operation. 
than, the general abdominal cavity. B, Photograph two 
Mhotograph nine months after first operation, and immediately before second stage 
iD), Photograph two months after completion of the second stage operation. 
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layer and that there had been no formation of cysts O1 accumulation of fluid between these 
two layers. Second, no intra-abdominal adhesions were present. Third, a few small cu 


taneous tabs which had been buried (at the first operation) could now be trimmed away and 


discarded. 

The infant was kept in un oxygen tent for three davs following the operation and gas 
tric suction was employed for thirty-six hours. At no time was there any evidence of respira 
tory distress, nor was there any evidence of venous congestion in the legs which would suggest 
excessive pressure on the inferior vena cava. On the third day small feedings were offered 
and were taken well. These were increased in volume and calorie value gradually so that 
by the end of the fifth day a full formula was being offered and was being taken well. The 
cutaneous sutures were remoyed on the seventh postoperative day, and there was excellent 
healing of the wound. The patient was discharged from the hospital on the tenth day, ex 
amination at that time showing a well-healed abdominal wall, without any evidence of muscu 
lar or fascial defect. Follow up earried out for three months after operation showed the in 
fant to be in excellent condition, A photograph taken two months after operation is shown 
in, ie, 7,2. 


CASE 2.—Buaby girl N, being one of twins, entered the hospital May 26, 1947, at the age 
of 1% hours. The baby weighed 3 pounds, 5 ounces. The general size and shape of the 
omphalocele is best appreciated by a glance at Fig. 8, 4. A long segment of umbilical cord 
was attached to the mass. The omphalocele was roughly 8 cm. in diameter and was covered 
by a thin, translucent, moist membrane. It contained numerous loops of intestines and a small 
segment of liver in its upper border. Except for the omphalocele and the tiny size of the 
infant, the remainder of the examination showed no abnormality. 

Operation was undertaken by the resident surgeon, under cyclopropane anesthesia, The 
umbilical sac was carefully cleansed with ether and then painted with half-strength tincture 
of iodine, While it might have been theoretically possible to reduce the omphalocele, excise 
the sac, and then repair the abdominal wall, it was felt that in such a small baby any increase 
of intra-abdominal pressure would probably be followed by a fatality. Therefore, the same 
two-stage procedure which was outlined for Case 1 was decided upon, The long segment of 
umbilical cord was removed and the stump was suitably ligated with silk sutures, Extensive 
skin flaps were then prepared as described in Case 1, and as illustrated in Figs. 1 and 2. 
These generous flaps were brought up over the omphalocele and the opposing margins were 
united with a layer of subcutaneous silk sutures, followed by a layer of interrupted cutaneous 
silk stitches. The infant tolerated this operation rather poorly and the temperature fell to 
93° F., but with appropriate measures the circulation was improved and the temperature was 
restored to normal. Following operation, the patient was kept in a Chapple bed where 
the air humidity and temperature would be optimum, Constant gastric suction was used for 
thirty-six hours. Oral feedings were started cautiously and were raised to full calorie and 
volume requirements by the sixth day. As a preventative measure, the infant was given 
penicillin and sulfadiazine for ten days. The cutaneous sutures were removed on the eighth 
day. There was no sloughing of the cutaneous flaps. Because of prematurity, the infant 
was kept in the hospital for an extended period of time, and was finally discharged on the 
twenty-ninth day, weighing 4 pounds, 2 ounces. 

The baby was followed from time to time in the outpatient department, Her progress 
was satisfactory. At no time was there any evidence of respiratory embarrassment or of 
venous congestion in the legs. There was a gradual eain in weight. The infant seemed 
to be quite comfortable. For the first four months the presenting abdomirial mass remained 
rather tense. An elastic abdominal binder was constantly used except for periods when the 
infant was being bathed. During the fifth month the skin of the sac appeared to be getting 
some laxity and by the end of six months it was possible, by manual compression, to displace 
all of the abdominal viscera back into the abdominal cavity with only a moderate pressure. 
It was therefore decided to undertake the second operation at this time. 

The baby re-entered the hospital Nov. 16, 1947. She was in an excellent general con 


dition; the weight was 11 pounds, 15 ounces. The general appearance of the abdomen and 
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omphalocole are shown in Fie. 8, B.A thirty-six-hour period of preparation was employed, 
during which constant gastric suction was used and the baby was placed in’ an oxygen tent 


carrying a high concentration « 


f oxygen, utilizing these two steps as measures to deflate the 
intestines. On November 18. secondary operation was undertaken under ether anesthesin. 


The same steps were employed as was used in Case 1, and as illustrated in Fies. 3, 4. 5, and 6. 


el 


The repair was entirely satisfactory, and it was possible to get accurate closure of the peri 





Fig. S.—Stages in the omphalocele repair (Case 2). A, Preoperative photograph of omph- 
alocele in premature infant weighing 3 pounds 5. ounces. B, Photograph six months atte 
primary operation, and immediately before the secondary repair. C, Photographs after the 
second iry repair of the abdominal wall. 


toneum, muscle layer, anterior rectus fasciae, and the skin. However, the muscle and faseial 
closures were under considerable tension and were not completed with the ease such as that ex 
perienced in Case 1, It was my feeling that if the secondary operation had been delaved one 
or two months, the secondary repair might have been performed more easily, 

After operation, the baby was in a rather precarious state for four or five days, during 
which time the respirations were rapid and grunting; considerable amounts of fluid returned 


from the gastric suction tube. A roentgenogram of the chest showed the diaphragm to be 
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somewhat elevated. The films also showed evidence of pneumonitis in the apex of the right 
lung, which, however, cleared rapidly under penicillin and diazine therapy. The baby's 
condition was such that an oxygen tent was necessary for twelve days. Following this time 
her condition gradually improved, she took feedings well, was afebrile, and began to gain 
weight. She was discharged home on December 4, in a satisfactory condition, The cutaneous 
sutures weer removed on the eighth day. Wound healing was excellent. 

Follow-up carried out for three months following operation showed the course to be 
quite satisfactory, The appearance of the baby is shown in Fig. 8, C. There is a firm and 


strong anterior abdominal wall. 


CASE 3.—K. S. entered the Children’s Hospital on April 9, 1947, at the age of 12 hours. 
The patient had been born by cesarean section. No abnormalities were noted immediatels 
after birth, except for a large omphalocele. This was immediately covered by sterile gauze 
by the obstetrician, Feedings were withheld, and the child was quickly transferred to this 
hospital for surgical therapy. On physical examination the child’s general condition seemed 
to be excellent. The weight was 61% pounds ; the color was good. There was no respirators 
distress, There was an omphalocele about 7 em. in diameter, whose base at the attachment 
to the abdominal wall was about 4 em. in diameter. The omphalocele wall was thin’ and 
transparent and within it could be seen numerous loops of intestines and a segment of liver, 
forming about one-third of the liver mass, The umbilical cord stump was about 24% em. in 
length, and was attached to the apex of the omphalocele structure. 

Under ether anesthesia the child was operated upon, After careful cleansing of the 
omphalocele sac and cord with two applications of half-strength tincture of iodine, the rem 
nant of umbilical cord was cut off and discarded. The skin was cut away from the base of 
the omphalocele sac, taking great care not to puncture the membrane. The surrounding skin 
was widely undermined down to the pubic area, well up to the breasts, over the lateral areas of 
the chest, and over the sides of the abdomen well back into the flanks. These large skin flaps 
retained a good color, They were now drawn up over the omphalocele mass, and the opposing 
skin edges were approximated with a row of interrupted silk sutures to the subcutaneous fat, 
followed by a row of interrupted silk sutures to the skin. 

Following operation the child was kept in an oxygen tent and maintained on constant 
gastric suction for a period of twenty-four hours, following which feedings were offered and 
were tolerated in a very satisfactory way, Feedings were increased so that adequate caloric 
and fluid requirements were met by the sixth day. While inspection of the skin-covered mass 
indicated that it was fairly tense, there did not appear to be any respiratory disturbance or 
alimentary distress. On the seventh day the skin sutures were removed. Following this there 
was a slight dehiscence in the lower quarter of the wound, and on the ninth day it was thought 
advisable to resuture this section of the wound, which was done under ether anesthesia, At 
about this time the infant developed a diarrhea (which was endemic on the ward at the time ) 
and this intestinal disturbance was largely responsible for a protracted period of hospitaliza 
tion, which continued until the ninth postoperative week. During the third week of hospital 
ization the central portion of the cutaneous wound again broke down and there was sloughing 
of the skin edges. The ulcerated area reached a maximum diameter of about 1 em, This 
region granulated slowly, and with the use of appropriate dressings the adjacent skin gradu 
ally grew so as to epithelialize this region completely. By the time the infant was discharged, 
June 12, 1947, all evidence of diarrhea (which was believed to be of infectious nature) had 
disappeared and the cutaneous covering of the omphalocele sac was in a satisfactory con 
dition, 

Following hospital discharge, the patient has been seen on several occasions, She eats 
well and has no evidence of gastrointestinal disturbance. There has been no respiratory 
difficulty at any time. The skin-covered abdominal mass continues as a fist-sized protuberant 
structure, in spite of the facet that the general abdominal cavity has increased proportionately 
in size with the growth of the baby. From time to time, examinations show the mass to be 
under considerable tension, which is still too high to permit a safe undertaking of the second 
stage of the abdominal wall repair. Even at the age of 10 months, with the baby weighing 
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13 pounds, the general abdominal cavity is still believed to be too small to receive all of the 
intestines—a point which further convinces us that any heroic attempts in the neonatal period 
to crowd viscera back into the abdomen would certainly have been followed by fatality, There 
seems to be little doubt, however, that if the infant is allowed to grow for a few months more, 
the abdominal cavity will eventually become large enough to receive these viscera and permit 


satisfactory repair of the muscles and fasciae of the abdominal wall. 


SUMMARY AND CONCLUSIONS 


A sureieal method is deseribed for the treatment of large omphaloceles. 
Experiences with the method are summarized by the notes from three eases in 
which it has been employed. The abdominal wall is repaired by a two-stage 
technique, the essential feature of the first stage being the preservation of the 
amniotic membrane and covering this with wide skin flaps, making no attempt 
to crowd the viscera back into the small abdominal cavity. In this way it is 
possible to avoid the devastating effects of a high intra-abdominal pressure which 
resulted from most of the types of surgical repair which have been previously 
employed and deseribed in the literature. By the present technique the ab- 
dominal cavity is allowed to increase in size during the ensuing six to twelve 
months, at the end of which time the various viscera can be replaced easily into 
the abdomen and the anterior abdominal wall can be completely repaired by 
bringing together the various fasciae and muscle layers. By this newer, two- 
stage technique it should be possible to repair the largest of omphaloceles and to 
reduce greatly the mortality rates which have previously accompanied the treat- 
ment of these malformations. 
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THE HERNIA PROBLEM, WITH REFERENCE TO A MODIFICATION 
OF THE McVAY TECHNIQUE 
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(From the Departments of Surgery, Birmingham Veterans Administration Hospital and 
The Moore-White Clinic) 


PERUSAL of current literature'*!* 2! 24 2° indieates an increasing dis- 
A satisfaction on the part of many surgeons with standard methods of in- 
evuinal hernia repair. The classical operations of Halsted''§ and Bassini are 
probably still the more frequently employed methods today, although critical 
anatomic studies?!” ?° emphasize that they are incompatible in concept with 
modern descriptions of fascial and aponeurotic continuities of the inguinal 
strata. It is the purpose of this communication to outline the policies upon 
hernia as employed in the teaching program for residents at the Birmingham 
Veterans Administration Hospital, and to deseribe a minor modification of the 
Cooper’s ligament technique as described by MeVay and Anson? * *° and 
Harkins.**-" 

INDIRECT INGUINAL HERNIA 


Indirect hernias, particularly in young people, are best dealt with by simple 
excision and transfixion of the hernial sac with minimal disturbance to either 
the cord or the floor of the inguinal canal. Operations designed to suture the 
various inguinal layers to the inguinal ligament detract from the end results 
inasmuch as they weaken the defenses against recurrence (particularly in the 
form of direct and femoral hernia). Recurrences in uncomplicated indirect 
hernia are rare. This has been emphasized by Hoguet!’ in his statement that in 
827 consecutive operations for inguinal hernias in children, not a single recur- 
rence had developed. Recurrences in indirect hernia, when they occur, are 
frequently the result of technical errors in dealing with the sae or in failing to 
provide for re-enforcement of the dilated internal ring. As will be discussed 
later, the complicated, indirect hernia with attenuation of the floor of the inguinal 
eanal provides a surgical problem which is analogous to direct hernia. The most 
significant evidence against Bassini’s method is the vast number of modifications 
that surgeons have thought it necessary to adopt in order to improve results. 
There is little evidence to support the view that any of the modifications give 
better results than the original. 
vogg, Pee at the meeting of the Society of University Surgeons, New Orleans, La., Jan. 29-31, 
948, 
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While attached to the British Army (1948) in one of their large military 
hospitals, one of us (J. M. EF.) was emancipated from the Bassini method and its 
modifications under the tutelage of Brigadier Harold Edwards, the Consultant 
Surgeon for the Southern Command. Edwards,® with a keen interest in the 
problem of hernia, made some interesting observations upon the vast material 
available in the United Kingdom at that time. In one 600-bed military hospital 
alone there were 634 operations for hernia in a nineteen-month period. Of 
1,300 recruits entering a recruiting center in July, 1941, 148 had hernias. It was 
estimated that there were 2,000,000 hernias in the United Kingdom, and the 
shortage of man power made it necessary to salvage all available individuals. In 
the British hospital previously mentioned (where one of us was attached) ther 
were several wards exclusively devoted to hernia, and a surgeon's operating 
schedule frequently included eight hernia operations a day. 

Before the war there were available figures (Table I) to illustrate the 
results of surgery in one of the large London hospitals (St. Thomas). They 


appeared in two series and are based on operations upon London policemen.2? 


TABLE I 
RECURRENCE RATE 
OPERATION NUMBER RECURRENCES (%) 
1934 
No repal 29 } 13.8 
Fowler 144 3] 2i.5 
Bassini 36 S 29 5 
Other methods } 
Total recurrence 90.5 
1942 
Simple excision S6 S 9.3 
Fascia lata repair 39 6 15.4 
Other methods 17 2 176 
Total recurrence 12.0 


*The Fowler operation employs division of the deep epigastric vessels following normal 
exposure and ligation of the sac. The peritoneum in the floor of the canal is divided and the 
cord placed within the peritoneal cavity, emerging at the lower end of the peritoneal incision, 
Which is closed. The inguinal canal is then completely closed except at its lower end, through 
which the cord passes, 


It is apparent from these figures that the results of simple ligature and 
excision of the sae were superior to other methods. While only 29 of 213 hernias 
were treated by simple ligation in the first series, 86 of 142 in the second series 
were treated by this method with an over-all reduction in recurrence incidence of 
S per cent. 

During a six-month period in 1942, there were 805 recurrent inguinal hernias 
repaired (in British military hospitals alone), and it was estimated that this 
eroup represented only about 60 per cent of all recurrent hernias examined. At 
one hospital 10 per cent of 125 hernias were recurrent, and at another 16.6 per 
cent of 72 cases. 

In the United States’ * ' most analyses of a large series of cases which have 
had adequate tests of time reveal recurrence in excess of 10 per cent in direct 
hernias, and 7 per cent in indirect hernias. Andrews and Bissel recorded an 


incidence of reeurrence in direct hernia of 27 per cent. Others have recorded a 
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recurrence incidence of 23 per cent, 25 per cent, and 28 per cent for direct 
hernia.* 

When operating for recurrences (after a Bassini procedure ), it is fre- 
quently apparent that there is no evidence of union between the musele mass 
(conjoined tendon) and Poupart’s ligament. Stein®® has very ably stated that 
suture of the conjoined tendon to Poupart’s ligament is fallacious because (1) 
there is no weakness in the floor of the canal; (2) nowhere in human economy is 
muscle used as a buffer state—it has four functions, namely, motion, locomotion, 
control, and stabilization; (3) musele fixation is bound to result in atrophy from 
disuse, and if separation eventually occurs, the muscle layer is weaker than 
before. About 75 per cent of the recurrences noted in British military hospitals 
did not come through the posterior wall of the canal but through the internal 
ring.’ 

The eritieal point in uncomplicated indirect hernia is not in the floor of the 
canal. Therefore, operations designed to re-enforce the floor of the canal are 
ill conceived. While serving with the British Army, we were forbidden to em- 
ploy the Bassini repair because in their opinion it gave unsatisfactory results, 
Was inconsistent with physiologic and anatomic principles, and did not safeguard 
against the eritical point of reeurrence. To follow several hundred of these 
patients through a complete convalescence from the operating table to a time 
twelve weeks later, when they were negotiating a most strenuous obstacle course, 
Was convincing enough to convert a skeptic. As soon as this principle was fol- 
lowed, the incidence of recurrence was significantly reduced in British military 
surgery. 

The technical aspects of simple ligation need little comment. It is not neces- 
sary to open the external oblique through the external ring, but rather to employ 
a shorter incision carried well up over the internal ring. The cremaster Is 
opened as a separate laver, and the sae is identified at its medial and anterior 
position, The sae and all fat attachments should then be completely excised 
and transfixed. The practice of opening the sae in order to insert a finger for 
purposes of definition and then stripping the cord structures with gauze is un- 
necessarily traumatic. It usually shreds the cord and makes hemostasis more 
difficult. The tip of the sae can almost invariably be picked up with a fine-tipped 
straight hemostat, and by exerting traction the edges can be delineated and 
dissected free with a sharp knife, Just as with a diverticulum of the duodenum. 
Burial beneath the roof of the inguinal canal is optional. It is important, how- 
ever, to repair the rent in the transversalis fascia to preserve normal funetion 
and caliber of the internal ring. The role of the internal ring in the defense 
veainst recurrence is well known. If there is no attenuation of the floor of the 
canal, nothing further is done. Nonabsorbable sutures (silk or cotton) are 
preferable to catgut. Patients may be ambulatory from the beginning. 


’ 
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This procedure has been employed by one of us (J. M. I.) for the past five 
years in the military service as well as in civilian hospitals, with a great deal of 
satisfaction. 

Simple ligation of the sae is inadequate if the internal ring is dilated or if 
there is weakness of the posterior wall of the inguinal canal. A long-standing 
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indirect hernia may so dilate the internal ring as to extend medially to the rectus 
sheath or inferiorly to the pubie tubercle, and thereby destroy the obliquity of 
the inguinal canal. When this occurs, the problem is the same as in direct 
hernia. There is then need for re-enforcement of the posterior wall. The most 
enthusiastic advocate of the simple ligation technique must, therefore, have an 
alternative procedure to deal effectively with an attenuated inguinal floor, 

The standard eriteria for differentiating direct from indirect hernia by 
physical signs are frequently unreliable. This is of utmost importance because 
the problems of direct and indirect hernia are just as unrelated as those of chole- 
evstitis and appendicitis. The best results in operations for hernia are achieved 
by the experienced surgeon because of his ability to recognize the variations in 
pathologic anatomy at the operating table. A small indirect sae with the patient 
recumbent and under general anesthesia may escape detection in the hands of the 
inexperienced, and in such instances it is easy to be guilty of self-deception in 
evaluating the tension and strength in the area of Hesselbach’s triangle, so that 
an erroneous diagnosis of direct hernia is made. ‘* Recurrence’’ will follow in the 
form of an indirect hernia. Femoral hernias are easily overlooked unless the 
transversalis fascia is incised so that the femoral canal can be exposed directly. 
So-called recurrent femoral hernias in some instances are overlooked femoral 
hernias. 

These views are supported by the fact that most ** recurrences’? appear early 
after operation. Judd'® found 70 per cent of the recurrences in the first six 
months and 90 per cent in the first twelve months; Erdman‘ found 73.9 per cent 
in the first twelve months and 98.6 per cent in the first twenty-four months. On 
several occasions we have seen recurrences (direct, indirect, and femoral) as Y 
soon as the patient was allowed out of bed. In each instance the true nature of 
the inguinal defect had been overlooked at the primary operation, as demon- 
strated at a second operation.’ There perhaps is no other operation where a 





sound knowledge of the anatomic features involved is so important. Trainees in 
surgery are done a grave injustice when allowed to begin upon this operation 
without experienced supervision. It is not uncommon to witness an experienced 
resident surgeon execute a skillful and carefully planned gastrectomy, only to 
falter with indecision and apparent carelessness when dealing with an inguinal 
hernia. ‘‘You can judge the worth of a surgeon by the way he does a hernia,’”’ 
and other similar quotations are legion. 


INDIRECT HERNIA ASSOCIATED WITH DIRECT HERNIA; INDIRECT HERNIA WITH LARGE 
DILATED INTERNAL RING; DIRECT HERNIA 


Where there is a need for more than simple ligation of the sac, what pro- 
cedure are we to recommend? Since Bassini’s original description in 1890° there 
have followed modifications too numerous to mention. Most of the modifications 
enjoying any degree of sustained popularity have embodied some type of fascial 
repair to supply bulk to the inguinal floor. Bloodgood’ in 1898 turned down a 
portion of the anterior rectus sheath and muscle, and sutured them with the 
conjoined tendon and internal oblique to the shelving edge of Poupart’s ligament. 
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The MeArthur operation's (1904) differs from the original Bassini in that a 
pedicled strip of external oblique fascia is utilized to suture the conjoined struc- 
tures to the inguinal ligament. Bisgard* (1989) proposed the routine use of 
this operation in adults, and called special attention to incorporating the 
ligamentum inguinale reflerum to obturate the defect between the pubic spine 
and the lowermost approximating stitch in the classical operations. In 1921 
Giallie and LeMesurier’’ introduced repair of the posterior wall with interlacing 
strands of fascia lata. 

A most significant contribution came in 1942 from the fundamental anatomic 
studies of MeVay and Anson.*!" °° They emphasized the general misconcep- 
tions concerning the points of attachment of the inguinal layers. Briefly, their 
studies may be summarized as follows: 


1. The inguinal ligament at its inferior and lateral aspeets is a marginal 
structure. It is entirely separate from the faseia of the thigh and is not attached 
to the internal oblique. It is held loosely in position by the surrounding fascia 
and may be shelled out of its fascial bed by a blunt instrument, to become the 
free margin of an aponeurosis which extends between the anterior iliac spine 
and the pubie tuberele.* 

2. The internal oblique arises not from the inguinal ligament as commonly 
stated, but rather from the iliopsoas fascia. 

3. The inguinal portion of the transversus abdominis arises from the 
iliopsoas, and inserts not into the inguinal ligament but to Cooper’s ligamentt 
on the superior pubie ramus. 

4. Suture of the transversalis fascia, transversus abdominis, and interna! 
oblique to the inguinal ligament violates the surgical principle of restoring 
musculofascial anatomy to normal. The inguinal ligament is not the insertion 
of any of these structures, and its relationship is simply one of contiguity. 


TECHNIQUE OF COOPER'S LIGAMENT HERNIORRHAPHY 


The principle of. Cooper’s ligament herniorrhaphy for hernial repair has 
been employed by one of us (J. M. F.) since its original description. It has been 
employed on a surgical service of the University of Michigan, in both American 
and British military hospitals, and more recently it has been adopted on the 
surgical service of the Birmingham Veterans Administration Hospital. Suffice 
it to say that the operation is considered to be the best method to deal with large 
indirect hernias (with associated defect of the inguinal floor), direct hernias of 
any description, recurrent hernias, and femoral hernias. It is considered to be 
superior to fascial transplants in recurrent hernia. During the past twelve 
months this operation has been carried out in sixty-two patients, the great 
majority by the residents of the Birmingham staff. Certain technical features 


*When traction is applied superiorly to the inguinal ligament simulating the pull of the 
muscles, as in Bassini’s herniorrhaphy, it is displaced far enough to create an artificial broad 
hiatus in the region of the femoral vessels. Recurrent direct hernias will then appear to be 
femoral although they have not actually entered the true femoral canal. 

*Cooper’s ligament is a dense fibrous structure Iving on the anterosuperior aspect of the 
superior pubic ramus from the pubic tubercle medially to the vicinity of the femoral vein later- 
ally. It is composed of fibers from the transversus aponeurosis and attached transversalis 
fascia, a lateral expansion of the rectus tendon of insertion and the pectineus fascia. 
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are worthy of comment only inasmuch as they incorporate one or two details 
which we believe may contribute to descriptions by MeVay and later by Harkins. 
The follow-up studies in this series have not been completed. 

Exposure is obtained by a transverse incision made along the suprapubic 
fold. The external oblique, cremasteric¢ fascia, and hernial sac, if present, are 
dealt with in the usual manners. The cord structures are then detached from the 
inguinal floor and retracted inferiorly together with the inguinal ligament. An 
incision is then made in the transversalis fascia about 1 em. from, and parallel 
to, the inguinal ligament. This incision is begun at the pubie tubercle and 
carried upward and laterally to a point just short of the epigastric vessels (ig. 
1). This step is essential to gain access to Cooper's ligament, 

Many who have attempted this operation have had diffieulty in’ utilizing 
Cooper's ligament for accurate suturing because of omission of this step. In 
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Fig. 1.—Illustration of the clear-cut incision on the floor of the inguinal canal. The 
external oblique has been incised and the cord structures and inguinal ligament are retracted 
inferiorly. This step is the singlemost important factor in the McVay operation. Without 
incising this fascial layer, visualization of Cooper’s ligament is impossible. The incision is 


begun at the pubic tubercle inferiorly and carried upward parallel to the inguinal ligament to 
a point just short of the epigastric vessels. 
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many instances this incision will be actually through the attenuated fascia, 
which makes up the direet defect. In smaller direct hernias it will be consider 
ably lateral, and in this instance no effort is made to excise or ligate the direct 
sac. Tf it is unusually developed or protuberant, a few imbricating sutures may 
be used for inversion. 

There is now access to the inside of the pelvis, and a rather large amount 
of properitoneal fat will further preclude adequate exposure of the ligament. 
A narrow malleable retractor or a small Deaver retractor over an appropriate 
moist pad should then be introduced through the defect in the transversalis 
fascia and deep into the pelvis. The properitoneal fat can then be retracted 
superiorly in the direction of the femoral vein. At this point Cooper's ligament 
can be accurately visualized as well as the pectineus muscle and fascia. More 
often than not, a small vein will traverse the ligament. An incision is then made 
in Cooper's ligament beginning at the pubie tuberele medially and carried out 
laterally to the substance of the pectineus muscle just short of the femoral vein. 
This layer of dense fascia ean then be rotated upward and medially in the form 










of a flap, and will provide a freshly eut edge to accept sutures (Fig. 2). This 
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Fig. 2. \n incision has been made in the exposed Cooper's ligament, extending up over the 


pectineus fascia to the sheath of the femoral vein. 
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modification of the original technique in our opinion offers certain advantages 
to suturing into the smooth surface of the ligament. 

Several anatomic entities present themselves for suture to Cooper's ligament, 
depending upon their intrinsic state: the transversus abdominis aponeurosis and 
attached transversalis fascia; the internal oblique muscle and conjoined tendon, 
when present; the lateral border of the reetus sheath. In our opinion the 


transversus layer is rarely satisfactory because it has been attenuated by the 
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Fig. 3.—lllustration of the incised internal component of the rectus sheath. The external 
oblique component has been reflected and preserved to cover subsequently the denuded 
rectus muscle. The margin of the incised Cooper’s ligament has been turned up to accept 
sutures. 
presence of a direct hernia. The conjoined ‘*tendon’’ is rarely tendinous, 
and the muscular portion of the internal oblique should not be used. We have 
frequently observed that residents have been forced to employ the lateral border 
of the rectus sheath, sometimes under the misconception that they were utilizing 
the conjoined structures. We have noted two recurrences following operation for 
direct repair, and in each instance it was felt that the struetures which had been 
utilized for suture to Cooper’s ligament had failed to provide proper re-enforce- 
ment of the triangular direct defect. 
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Increasing experience indicates that in many instances the most satisfactory 
structure which is readily available is a triangular-shaped flap of the internal 
oblique and transversus component of the anterior rectus sheath. Contrary to 
anatomie deseriptions the external oblique component may be separated almost to 
the linea alba. Elevation and preservation of the external oblique component 
of the rectus sheath afford adequate fascial covering for the denuded portion 
of the rectus musele. The flap in the internal portion of the reetus sheath is 
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Fig. 4.—The rectus flap is turned down and sutured to the incised Cooper’s ligament. The 
line of suture extends up over the femoral sheath to Poupart’s ligament and interposes an 
extra layer of fascia into the pyramidal defect constituting the direct hernia. This may be 
accomplished without the slightest tension. 


fashioned by incising the insertion of the reetus tendon and carrying this incision 
upward to about the level of the internal ring, and then outward to the lateral 
edge of the rectus sheath. The free edge of this flap is then rotated downward 
just as one would turn down the corner of a page in a book. This provides an- 
other freshly cut edge for accurate suture to the component previously fashioned 
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from Cooper's ligament (Fig. 3). The freshly eut edges are then united by 
interrupted sutures. This line of suture will extend from the pubie tubercle 
helow and medially to the femoral sheath above and laterally. The femoral ring 
is thereby obliterated. The transversus aponeurotice layer, when available, should 
also be included in this line of suture. The lateral angle of the base of the rotated 
triangular flap is then earried up and anchored to the inner border of the in- 
euinal ligament so as to obturate the defect at the internal ring. Occasionally a 
V-shaped ineision at the base of the triangle is employed to allow the fascial flap 
to encircle completely the cord at the region of the internal ring. In this manner 
an extrafascial laver is interposed over the floor of the canal. 

The external oblique is closed over the cord. In rare instances the medial 
edge of the external oblique has also been sutured to Cooper’s ligament with 
anterior transposition of the cord. The fascial lavers are sutured together with 
interrupted fine cotton or silk. (The relaxation afforded by the incision into 
the rectus sheath allows reconstruction without the slightest tension.) = Con- 
tinuous sutures of No. 30 stainless steel wire are employed for the subcutaneous 
lavers and the skin. The latter is placed subeuticularly, and both of them are 
removed on the seventh day. 

This operation has proved satisfactory in all types of reeurrent hernia. It 
has not been felt necessary to utilize autoplastic fascial grafts. In the present 
series there have been no wound infections, and two known recurrences (although 
follow-up studies are incomplete). These recurrences are thought to be due to 
errors in technique; in these two cases the standard MeVay operation was used. 
To our knowledge no recurrences have occurred where the rotation flap of the 
internal component of the rectus sheath has been utilized. 

This operation can be employed in bilateral hernias at a single sitting 


without fear of compromising the opposite side through undue tension, 


SUMMARY AND CONCLUSIONS 


1. Simple ligation of the sac is a satisfactory method for dealing with the 
uncomplicated indirect hernia. 

2. Complicated indirect hernias, direct hernias, recurrent hernias, and 
femoral hernias are best repaired with the Cooper’s ligament technique. 

3. A modification of the MeVay technique is presented. Its advantages 
are discussed, 
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SYMPATHETIC DENERVATION OF THE EXTREMITIES; 
OPERATIVE TECHNIQUE, MORBIDITY, AND MORTALITY 


Harris B. SHUMACKER, JR., INDIANAPOLIS, IND. 


(From the Departments of Surgery, the Yale University School of Medicine, New Ilaven, 
Conn., and the Johns Hopkins University School of Medicine, Baltimore, Md.) 


INCE the introduction of sympathectomy twenty-four vears ago, the pro- 
Sy cedure of operative denervation of the sympathetic pathways to the extrem1- 
ties has proved of increasing usefulness in various vascular, hyvperhidrotie, and 
painful disorders. Up to the present time there is nothing to suggest that any 
means, other than appropriate operations upon the ganglionated chain, are 
available or are likely to be discovered by whieh one might hope to achieve 
permanent interruption of the vasoconstrictor and sudorifie impulses, and of 
the afferent sympathetic pathways, if such exist, without producing at the same 
time needless loss of somatic nerve function. 

The seareh has continued for various medicinal agents and mechanical 
devices which might induce sympathetic paralysis and vasodilatation, There 
ean be no doubt that transient vasodilatation can be effected by anesthetiza- 
tion of the sympathetic nerves or of the somatic sensory nerves supplying the 
area involved, by deep general anesthesia, and, in the lower extremities, by 
spinal anesthesia. It is also true that one ean ordinarily obtain reflex vaso- 
dilatation by heating the body or other extremities, by the intra-arterial, 
intravenous, intramuscular, or subcutaneous injection of certain drues, and to 
a lesser extent by ingestion of certain other agents. None of these methods, 
however, brings about permanent vasodilatation or cessation of svmpathetie 
function. Alcohol injection of the sympathetic pathways results in prolonged 
sympathetic anesthesia but has the disadvantage that its use is often followed 
by a distressing neuritis. To be sure, there are certain conditions for whieh 
temporary abolition of sympathetic function on one or several occasions is 
sufficient to yield an imminently satisfactory result. It would appear evident, 
however, that operative sympathectomy is the procedure of choice whenever it 
is advantageous to abolish permanently svympathetie function in an extremity. 

It has seemed to me desirable, therefore, to maquire into the procedure 
from the standpoint of the ease of its proper execution and the risk attendant 
upon it. This inquiry would appear to be particularly desirable because, 
although the result of sympathectomy can be foretold fairly accurately in most 
instances by sympathetic procaine block or by other tests which eliminate vaso- 
constrictor impulses, there are instances in which the effect of the procedure 
‘cannot be predicted with accuracy before operation. Among these exceptions 
are eases of obliterative arterial disease in which svympathetie blocks or 
similar tests demonstrate little or no improvement in cireulation, certain 

Aided by a grant from the Office of Naval Research, the United States Navy. 


Read at the meeting of the Society of University Surgeons, New Orleens, La., Jan. 29.31, 
1948. 





304 










































SHUMACKER, JR.: SYMPATHETIC DENERVATION OF EXTREMITIES 305 


cases of posttraumatic and other edematous states, and certain cases of 
ischemie paralysis. In such instances sympathectomy may yield results. far 
hetter than one might reasonably have anticipated from the preoperative studies, 
but sometimes the results are equally disappointing. If the procedure is ever 
to be used, then, more or less as a therapeutic trial, it is obviously important 
to know what hazards are associated with it. 

This report is based upon a fairly extensive personal experience and upon 
eareful analysis of the complications which followed operative sympathetic 
denervation of 813 extremities in 627 patients. The operative teehnique will 
be described in some detail. Only those data concerning the patients which 
have possible relevance to the operative risk and to postoperative complications 
will be cited. The efficaey of sympathectomy in relhevine the conditions for 
which it was performed will not be considered here. The results of sympathee- 


tomy in certain of these disorders have been reported elsewhere.) 


OPERATIVE TECHNIQUE 

The operative techniques whieh my associates and [| have utilized represent 
in no sense an original contribution but are based upon the fundamental prin- 
ciples whieh have been previously deseribed by others. It is hoped, however, that 
certain observations and minor modifications whieh T have found helpful in per- 
forming these procedures and in training my assistants to do them may prove 


of some usefulness to others. 


Lumbar Sympathetic Ganghonectomy.—Lumbar sympathetic ganglionec- 
tomy was performed at first through a rather cumbersome posterior incision." 
The transabdominal approach was utilized for a while; however, it not only 
subjected the patient unnecessarily to an intraperitoneal operation but also 
proved unsatisfactory for proper exposure of the upper ganglia of the lumbar 
chain. Excellent descriptions of the anterior peritoneal exposure of the sympa- 
thetie chain through a muscle-splitting incision were reported by Klothow® in 
1935 and by Pearl'? in 1937. Subsequently, more extensive anterior or flank 
incisions involving in part transection of muscle lavers have been advoeated,!! 1 
presumably on the basis of more adequate exposure of the upper portion of the 
svmpathetic chain. From the beginning [T have used an anterior musele- 
splitting incision carried out essentially according to the suggestions of I'lothow 
and Peart. 

Good muscular relaxation is essential, and spinal anesthesia is employed 
unless there is some specifie contraindication to its use. Since the operation 
is performed in a short period, procaine is. sufficient and no longer-lasting 
anesthetic agent is required. Formerly those cases in which a general anes- 
thesia was used frequently proved far from ideal. Lack of good relaxation 
of the muscles made forceful retraction necessary and often resulted in some 
difficulty with proper exposure and in wounds which were sore and uneomfort- 
able. Fortunately this problem ceased to exist with the advent of the use of 
curarelike preparations. In recent vears patients who were considered unsuitable 
for spinal anesthesia have been operated upon under intravenous Pentothal 
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Sodium anesthesia or under nitrous oxide or evelopropane anesthesia after 
induction with pentothal. Curare administered just before the skin incision: is 
made renders the operation as simple and free of trauma as does— spinal 
anesthesia. In this series general anesthesia has been used for twenty-nine 
operations upon twenty-four patients; in the remainder, spinal anesthesia has 
been employed. 

When a unilateral sympathectomy is to be performed the patient is placed 
upon his back with the side to be explored tilted forward by means of a sandbag 
so that it is elevated 10 to 20 degrees from the table top. The lower extremity 
is placed upon a pillow so that the thigh is slightly flexed and the ileopsoas 
muscle relaxed. If a bilateral sympathectomy is to be earried out the patient 
is placed flat on his back with the thighs slightly flexed. The table is then 
tilted so as to elevate one side of the hody for the first operation, and then the 
other for the second. 

The incision is made from a point overlying the tip of the twelfth rib 
downward in a direction roughly following the course of the fibers of the 
external oblique muscle. In general it is directed toward a point at the 
junction of the inner and middle thirds of a line drawn from the umbilicus to 
the anterior superior spine of the ilium. A long ineision is not necessary and 
adds little or nothing to the ultimate exposure which is necessarily limited 
by the leneth of the internal oblique musele. Generally the skin incision. is 
from 8 to 10 em. in leneth. Skin flaps are not dissected back widely from the 
underlying structures but are freed just sufficiently to permit one to outline 
clearly the course of the external oblique muscle. The external oblique fascia 
is incised in the mesial portion of the wound and the muscle is split in the 
direction of its fibers back to the outer margin of the wound. This procedure 
is facilitated by elevating the margins of the incised fascia by traction upon 
hemostats which are clamped upon the two edges, by passing the blunt end of a 
scalpel underneath the muscle to separate it from the underlying internal 
oblique, and by continuing gentle traction upon the hemostats in such a way as 
to define clearly the course of the muscle fibers which are quiekly and. easily 
separated by incision through the fascial covering from within outward. 
Occasionally a single blood vessel is transected and is clamped and ligated; 
often no bleeding occurs. A small or medium appendix retractor is then placed 
in the wound to retract the upper inner portion of the incised external oblique, 
thus exposing the internal oblique up to its point of fusion with the reetus 
sheath. The fascia of the internal oblique is incised alone the course of its 
fibers from this point downward and_ posteriorly. The muscle. fibers are 
separated by traction in opposite direction with the index fingers, and at the 
same time the muscle is freed from = transversalis beneath. The retractor is 
reintroduced so that this laver is brought into view, Occasionally a bleeding 
vessel will be seen; 1t must be clamped and ligated carefully so that the inter- 
costal nerve which follows the vessel closely is not ineluded in the ligature. 
The fibers of the transversalis are spread apart by introducing and opening the 


blades of a Kelly clamp. This initial opening should be made as far lateral- 


ward as is possible since there is less intimate contact between the transversalis 




















SHUMACKER, JR.: SYMPATHETIC DENERVATION OF EXTREMITIES B07 


and the peritoneum in this position than there is more mesially, and less 
likelihood of inadvertently tearing the peritoneum. The opening is enlarged 
by introducing into it and separating the two index fingers, and at the same 
time the peritoneum is pushed away. Blunt dissection with the fingers easily 
strips the peritoneum from the posterior flank and retroperitoneal tissues. 
No retractors are used during this procedure. It Is wise to stay close to 
the peritoneum; otherwise one may strip off with it a thick layer of retro. 
peritoneal fat and may inadvertently hegin dissecting posterior to, rather 
than anterior to, the ileopsoas muscle. The fingers readily pass over the 
ileopsoas muscle to the vertebral bodies. Almost invariably at this point 
one ean identify by palpation the sympathetic chain which is felt as a fixed 
cord of variable size running alone the anterolateral aspect of the vertebral 
bodies. This exercise should be practiced routinely since useless and troublesome 
dissection ean be avoided by experience in locating the ehain by palpation, espe- 
cially in individuals with much retroperitoneal fat or with enlarged aortic 
Ilvmph nodes. 

A broad Deaver retractor is introduced in the mesial portion of the 
wound. The areolar tissue passing from the vena cava or aorta to the vertebral 
hodies is incised and is lifted away from the vertebral bodies with the elosed 
blades of a scissors. The retractor is reintroduced and the point of its blade is 
kept firmly against the vertebral body, thus gently pulling the vena cava or 
aorta mesially and exposing the sympathetic chain. A narrow Deaver retractor 
is used for cephalad retraction and its blade is also kept snugly against the 
vertebral bodies. No lateral retraction is required exeept in the rare case in 
which a low-lving kidney falls into the field of operation. The exposure is now 
ordinarily excellent. The svmpathetie chain is seen running along the antero- 
lateral aspect of the vertebral bodies. The genitofemoral nerve is seen lying on 
the ileopsoas musele. The ureter is visualized alone the peritoneum and is 
held mesially out of the way by the retractors (Fig. 1). The lower pole of 
the kidney is seen and felt in the upper outer portion of the wound. The chain 
is picked up with a long smooth forceps between two ganglia, and a strand of 
silk is passed around it with an aneurysm needle. Traction upon this silk lifts 
the chain off the vertebral bodies. The rami communicantes are readily seen 
and are divided. In first performing the operation it is perhaps safer to isolate 
each ramus separately with a blunt nerve hook before dividing it but after 
some experience this maneuver is unnecessary. The ‘rami ean be safely and 
quickly divided by passing underneath the ganglia in the direction of the ehain 
a curved scissors, the blades of which are held slightly opened. Before severing 
the rami one must inspect the area carefully to determine the location of the 
lumbar veins. With the exception of one small vein which generally crosses 
anterior to the chain in the region of the fourth lumbar ganglion, the veins 
venerally lie posterior to the chain. When they cross anteriorly they must 
either be divided between ligatures or silver clips, or, preferably, the chain 
Inust be severed at its lower end and slipped upward beneath the veins. 

In inexperienced hands the aortic chain of lymph nodes or fascial bands 


‘rom the ileopsoas muscle to the vertebral bodies have been mistaken for the 
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sympathetic chain. This error has not occurred in the series being reported. 
The chain and the ganglia vary greatly in size but should always be identified 
with certainty from the characteristic position and course of the chain, and 
especially from the telltale presence of the rami communicantes. In iden- 
tifving the respective ganglia two points have proved particularly useful. 





Fig. 1.—The exposure of the sympathetic chain through an anterior muscle-splitting extra- 
peritoneal incision. Actually the upper retractor is placed more mesially so that its tip lies 
against the vertebral bodies and holds the upper peritoneal fold out of the way. If the retro- 
peritoneal tissues are lifted off the superior portion of the sympathetic chain and more cephalad 
retraction is obtained, the first lumbar ganglion can be easily brought into view. 

The fourth ganglion is invariably situated just above the promontory and the 
first always lies in the region of the lowermost margin of the attachment of 
the diaphragmatic crura to the vertebral bodies. The second and third gangla 
vary considerably in size, shape, and position and indeed are sometimes fused. 


Sinee the first and fourth ganglia are readily identified, however, that portion 
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of the chain containing the second and third ganglia can be determined satis- 
factorily, The c¢hain is more readily exposed on the left side than the right 
since the vena cava overlies the chain more completely than does the aorta. 
If the chain is covered by enlarged lymph nodes these may have to be removed 
in part in order to facilitate exposure; I have seen no harm result. Since the 
nodes are often traumatized by the dissection, even if they are not excised, it is 
my policy to place sulfanilamide powder or penicillin solution in the wound 
unless antibiotics or chemotherapeutic agents are to be used parenterally or 
orally, particularly if there has been any infection of the extremity. This 
practice holds for dorsal as well as for lumbar operations. 

In women it is my custom to remove the first, second, and third, or 
the first, second, third, and fourth ganglia. In men the first ganglia are 
never excised bilaterally unless this procedure seems particularly necessary 
and the patient has given permission with the understanding that interference 
with ejaculation may result. No patient has complained of sueh diffieulty 
after removal of one first lumbar ganglion. In some patients the fourth 
eanglion has been removed; in others it has been left intact. Thus far I have 
seen nothine to suggest that its removal has any advantage over its retention, 
or vice versa. Sometimes the cut ends of the chain have been lgated or 
elipped with a silver clip; in many this step has been omitted. Once the 
chain is removed the wound is inspected in order to be sure of hemostasis, 
the retraetors are withdrawn, and the three muscle layers are closed separately 
with interrupted sutures of silk. The skin is closed with interrupted cutaneous 
or subeutieular sutures of silk. I have not found it necessary to use lighted 
retractors. With a little experience, the operating room personnel are able to 
focus the overhead light in such a way as to give satisfactory illumination. 

There seems to be a common feeling that the anterior musele-splitting 
approach is inadequate for exposure of the first ganglion. IT have not found 
this to be true. Whenever it has been my purpose to include the first ganglion 
in the resection this has been accomplished without difficulty. Indeed, in 
one patient I split the diaphragmatic crura and removed the twelfth dorsal gang- 
lion with relative ease (Fig. 2). To be sure this procedure was carried out in 
a fairly small and thin person but it emphasizes, I believe, the adequacy of the 
exposure of the upper portion of the lumbar chain. 

Sympathetic Denervation of the Upper Exrtrenity.—Onee stellate gang- 
lioneetomy proved to be an unsatisfactory method for producing lasting 
sympathetic denervation of the upper extremity, various portions of the 
upper dorsal and lower cervical chain were excised, It soon beeame ap- 
parent that the stellate and first thoracic ganglion could be left intaet 
and that removal of, or decentralization of, the upper dorsal ganglia below 
the level of the first brought about sympathetic paralysis to the upper ex- 
tremity and half of the head without the production of a Horner’s syndrome. 
In 1935 Telford'® deseribed an operation in which the second and third 
thoracie ganglia were decentralized by division of their rami communieantes 
and section of the chain between the third and fourth ganglia. Smithwick in 
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1936" described similar experiences with decentralization of the second and 
third ganelia. He had combined the procedure first with resection of a 
small segment of the second and third intercostal nerves, had subsequently 
included resection of the corresponding spinal ganglia with extradural section 
of the roots, and had finally performed intradural root section. In 1940 
he’ deseribed his further experiences with section of the roots through their 
intradural segments and added as an additional precaution the encasement of 
the decentralized chain in a_ silk evlinder.  Deeentralization rather than 
excision of the ganglia was practiced in order to render the sympathetic 
denervation preganglionic rather than postganglionic. The other measures 
such as removal of the second and third spinal ganelia and a segment of the 
two intercostal nerves, the intradural section of the roots, and the use of the 
silk evlinder were aimed at avoidance of postoperative regeneration. These 


contributions are of fundamental importance. 


8 





Fig. 2. Photograph of sympathetic chain excised through an anterior muscle-splitting 
extraperitoneal incision. In this instance the diaphragmatic crura was split and the twelfth 
dorsal as well as the lumbar chain was excised. 


In describing their original operation for resection of the upper thoracie 
ganglia, White, Smithwick, Allen, and Mixter’® advocated an oblique musele- 
splitting approach. They felt that a paravertebral incision with division of 
a portion of the trapezius muscle was troublesome from the standpoint of bleed- 
ing and often rendered healing difficult. Telford'* used an anterior approach 
in decentralizing the upper dorsal ganglia, having given up the posterior 
approach as too mutilating, When Smithwick first deseribed his pregang- 
lionic operation he reverted to a paravertebral incision and has continued 
to use this approach. The operation which IT have used is fundamentally the 
preganglionic operation of Smithwick with intradural section of the anterior 
roots and, in recent vears, with encasement of the decentralized chain in a 
eylinder of fine China silk or nylon. The approach is with slight modifiea- 
tion the muscle-splitting operation of White, Smithwick, Allen, and Mixter; 
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this approach has as its basis the muscle-splitting incision whieh Head" 


and subsequently Bigger'* had used in performing upper posterior thoraco- 


plasty. The posterior route for exposure of the sympathetic chain after 


resection of a portion of one rib and its transverse process is based upon the 
anatomic dissections of Henry.’") From sueh studies he deseribed in) 1927 
in operation by which the lower cervieal and upper dorsal svmpathetic ganglia 
could be reached extrapleuraly after the removal of a portion of the second 
rib and its transverse process. 

Karly in this experience more or less routinely intravenous Pentothal 
Sodium anesthesia was used without tracheal intubation. Thirty-eight opera- 
tions upon twenty-three patients were performed under Pentothal Sodium anes- 
thesia. Although no difficulties were encountered with this method, it has been 
largely replaced by intratracheal cyclopropane or gas-oxveen-ether anesthesia. 
Since the patients are placed in the ventral decubitus position it is felt that 
tracheal intubation adds an element of safety. The anesthesia need not be 
deep during most of the proceedure. Even, easy respirations must, however, be 
maintained during the period of extrapleural dissection ; otherwise the hazard 
of perforating the pleura Is Increased, 

The patient is placed upon the abdomen with the head turned to one side 
and with the upper extremities alongside the body. A small pillow is placed 
longitudinally underneath the sternum so that the scapulae fall away from the 
midline. The head of the table is elevated about 45 degrees. The skin incision 
extends from the space between the first and second dorsal vertebral spines to 
the spine of the seapula (Fig. 3). The numerous eutaneous and subcutaneous 
bleeders are clamped. The trapezius is split in the direction of its fibers 
and is retracted to expose the underlying rhomboid muscles. These are split 
in the direction of their fibers; generally this proceedure actually involves 
simply the separation of the rhomboideus major and minor muscles. Under- 
neath, the lowermost fibers of the posterior superior serratus muscle are seen. 
The lumbodorsal fascia is attached to the inferior margin of the musele. The 
fascia is incised obliquely at this point and the serratus is retracted superiorly. 
The lateral portion of the deep muscles of the back are elevated from. the 
third transverse process and are retracted mesially with a thyroid retractor 
(Kig. 4). Great care must be exercised in identifying the third rib. This ean 
usually be done without difficulty by passing a finger cephalad between the 
rhomboids and the serratus, by palpating the uppermost rib and counting sue- 
cessive ribs downward. The incision is made through the periosteum of the 
third rib over its proximal 4+ or 5:em. The periosteum is stripped from the rib 
and the muscular attachments to the transverse process are carefully divided 
so that the entire transverse process is freed. The inner segment of the rib is 
then excised and the transverse process is removed. By using a box rongeur it 
is generally possible to remove nearly the entire transverse process with one bite. 
In stripping the periosteum from the rib and freeing from the rib the under- 
lving endothoracie fascia one must be careful to avoid perforation of the pleura. 


Such an accident is not lkely to oceur if the dissection is begun near the 
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Dorsal sympathectomy, showing the position of the patient, the line of incision, 
of separation of the rhomboids. The trapezius has been split in the direction of 


its fibers and retracted. 


Fig. 4.- 
rib. The lumb« 


superior serratus muscle. The deep muscles of the back are being retracted mesially in order 
to expose the third transverse process. 
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Dorsal sympathectomy, showing the incision through the periosteum of the third 
dorsal fascia has been incised obliquely below the inferior border of the posterior 
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vertebral body where the pleura is less intimately associated with the rib than 
it is more laterally. The safest method of pushing the pleura away is to slip 
one’s finger beneath the rib and develop the extrapleural space by gentle, blunt 
dissection before the rib is excised. Should the pleura be torn, the lung is 
kept inflated by positive pressure. This accident is troublesome in that the 
passage of air into and from the pleural cavity may cause any blood in the 
wound to foam and thus tend to interfere with proper visualization. It adds 
little or no risk to the procedure. At the end of the operation the lungs are 
properly inflated as the wound is closed and no effort is made to repair the 
pleural perforation. 

Onee the rib and transverse process are excised, the third intercostal 
nerve is seen lying upon the endothoracie fascia and pleura just above the 
upper margin of the fourth rib. It is picked up, separated from the under- 
lying tissues and the adjacent intercostal vessels, and a strand of silk is 
passed around it by means of an aneurysm needle (Fig. 5). The nerve is then 
clamped laterally, divided, and traced centrally until the spinal ganglion is 
visualized. The outermost rami communicantes are severed. Next the posterior 
braneh of the spinal ganglion is isolated and divided. The division of this 
branch is the key to proper mobilization of the spinal ganglion and its roots, 
for this braneh passes directly into the deep muscles of the back and firmly 
fixes the ganglion centrally. Once it is severed the ganglion can readily be 
delivered so as to expose the remaining rami communicantes and the dorsal 
and anterior roots. The rami are divided with a small seissors. A blunt nerve 
hook is passed between the two roots and by gentle traction the dorsal root is 
elevated into view. This is then divided by cutting down with a small sealpel 
upon the nerve hook with which the root is elevated. The same maneuver is 
useful in dividing the posterior branch of the nerve. If one attempts to 
sever this branch or the posterior root with scissors, one is apt to divide 
small neighboring vessels from which troublesome bleeding may oeeur. Once 
the rami and the dorsal root are divided the only remaining strueture connected 
with the ganglion is the anterior root. If one pulls gently upon the nerve the 
anterior root can be freed toward the foramen, and with a little additional 
traction it will be seen to give as a portion of its intradural segment is 
pulled outside the dura. The intradural portion is readily recognized because 
of its characteristic glistening white appearanee. The root is divided through 
this portion. Not infrequently there is a leak of spinal fluid as the root is 
pulled out of the dural sae. One should have ready a small bit of fibrin foam 
or other hemostatic agent which can be held in the foramen for a few moments. 
This procedure quickly stops the leak of spinal fluid and without it one at 
times has great difficulty in stopping the leak before a number of cubie centi- 
meters of fluid have been lost. 

The second intercostal nerve is less readily identified than the third 
as it lies underneath the lower border of the second rib. The pleura should 
be carefully separated from this rib. One can then generally palpate the 
herve with ease, pick it up with an aneurysm needle, separate it from its 
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neighboring vessels, divide it laterally, and free it down to the dorsal gane- 
lion. The rami communicantes, the dorsal branch, and the roots are now 
divided. The pleura Is separated further from the vertebral bodies until the 
sympathetic chain can be isolated. Sometimes the chain will be found Iving on 
the pleura, havine been dissected off the vertebral bodies. Not infrequently it 
will have come into view during resection of the dorsal ganelia and the inter- 
costal nerves. When it is first seen, an identifvine strand of silk should) be 
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Fig. 5.—-Dorsal sympathectomy. The third rib and transverse process have been resected. 
The intercostal nerves, dorsal gunglia, and the sympathetic chain are exposed. Attention is 
ealled to the posterior branches which fix the dorsal ganglia centrally. 
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passed about it by means of an aneurysm needle. The chain is then treed from 
all attachments from a level between the first and second sympathetic ganglia 
down to a level below the third. The chain is clamped between the third and 
fourth ganglia, ligated distally, and divided. The distal end of the proximal 
portion of the severed chain is ligated; the silk evlinder is passed over it and 
ligated gently at its upper end about the e¢hain cephalad to the second ganglion. 
This hgature must be just tight enough to prevent the sheath slipping down 
heyond the second ganglion and not tight enough to traumatize the chain. The 
other end of the eyvlinder is ligated firmly about the distal end of the freed 
chain which is then sutured to the longitudinal muscles of the baek, or to the 





Fig. 6.—Dorsal sympathectomy. The decentralized chain has been covered with a silk cylinder 
and sutured to the muscle. 


rhomboids, to elevate it out of its normal position. The fascia, the rhomboids, 
the trapezius, and the superficial fascia are then closed with interrupted silk 
sutures. The skin is approximated with interrupted subcuticular or cutaneous 
sutures. During closure a small catheter is kept in the extrapleural space; 
it is withdrawn after aspiration of any fluid or air which may have been present. 

The operation for sympathetic denervation of the upper extremity is not 
as easily mastered as is lumbar ganglioneetomy. It is rare that a voung house 
officer cannot himself complete his first cases of lumbar sympathectomy, but 
not infrequently he asks the instructor to complete his initial attempts at 
dorsal sympathectomy. Although the technique is not simple to master it. is, 
nevertheless, not particularly difficult and after some experience there is 
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rarely any trouble with its proper execution. The operation must be done in 
a bloodless field. The area in which the nerves are exposed is necessarily 
small and good visibility is essential. Overhead lights are satisfactory. Great 
eare must be taken to avoid pleural perforation as this complication increases 
the difficulty of exposure and dissection. Of extreme importance is the 
proper identifieation of the third rib. This rib ean generally be identified 
with ease by counting the uppermost ribs while palpating between the rhom- 
hoid and serratus muscle layers. If any doubt whatsoever exists, it is my 
practice to cheek further the identity of the rib after its resection by gently 
pushing the pleura away from the superior ribs and counting them by palpa- 
tion from their undersurface. By this maneuver one can be certain of the 
location of the first rib sinee the subelavian artery is always palpable at its 
upper margin. If there is doubt as to the location of the third rib before- 
hand, the uppermost of the ribs in question should be reseeted. One ean per- 
form the operation adequately through resection of the seeond rib, though 
the third sympathetic ganglion is isolated with more difficulty with the 
second rib removed, than is the second ganglion with the third rib removed, 
and the third root section cannot be performed properly with this exposure. 
When the fourth rib is mistakenly excised, on the other hand, it is impos- 
sible to accomplish at satisfactory denervation of the upper extremity. Should 
the mistake be recognized, one should proceed with resection of the third rib 
as well. Resection of two ribs instead of one is a thought whieh not infre- 
quently occurs to the inexperienced operator who is finding adequate exposure 
somewhat difficult to achieve. Any gain in the area of exposure is, however, 
lost in the inereased pleural motion in the field and in the additional hazard of 
pleural perforation. 
CLINICAL MATERIAL 


This study is based upon a survey of operative sympathetic denervation 
of 813 extremities in 627 patients. Six hundred thirty-seven of these opera- 
tions were performed by me or under my direction at the New Haven Hospital, 
the Johns Hopkins Hospital, and at various army installations. This group 
included about 83 per cent of the dorsal and 77 per cent of the lumbar svympa- 
thectomies analyzed. The remaining 175 operations were performed by others 
at the Johns Hopkins Hospital between October, 1939, and October, 1946. 

Unilateral lumbar svympathectomies were performed upon 344. patients, 
bilateral lumbar sympathectomies upon 121, unilateral dorsal svmpathectomies 
upon 116, and bilateral dorsal sympatheetomies upon 35 (Table I). In addi- 
tion, 2 patients underwent unilateral dorsal and bilateral lumbar sympathee- 
tomy, 5 had bilateral dorsal and unilateral lumbar sympathectomy, and in 6 
all four extremities were denervated. Fifty-four bilateral lumbar sympa- 
thectomies were carried out in one stage. In only four eases was a bilateral 
dorsal] sympathectomy performed in one session, 

Altogether there were 607 lumbar svmpatheetomies, In one ease a bilateral 
eanglionectomy was performed through a transperitoneal approach. All the 


remainder were done essentially in the manner which IT have outlined. Tour 
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TABLE I. DISTRIBUTION OF CASES WITH REGARD TO EXTREMITIES DENERVATED 


NO. OF DORSAI 


NO. OF LUMBAR NO. OF DORSAI AND LUMBAR 
NO, OF EXTREMITIES NO. OF PATIENTS SYMPATHE( SYMPATHE( SYMPATHE( 
DENERVATED OPERATED UPON FTOMIES rOMIES TOMIES 
One lower o44 544 
Both lower 121 242 
One upper 116 116 
Both upper 33 66 
One upper and both 2 I 2 
lower 
One lower and both 5 5 10 
upper 
All four (i 12 12 
Total 627 607 206 813 


dorsal svmpathectomies were done transpleurally; the remaining 202 dorsal 
sympathectomies were performed essentially as I have described this opera- 
tion. In the earliest cases the anterior root section was extradural; in the 
others the anterior root was sectioned through its intradural portion. In 
the past four years the decentralized chain has been eneased in a silk or 
nvlon evlinder. No stellate ganglioneetomies are ineluded in this study and 
no cases of lumbodorsal sympathectomy with splanchnic resection. 

During the period covered by this survey there was failure to accom- 
plish a satisfactory denervation in 4 eases, in addition to the suecessful 
completion of the proceedure in 813. In one case an inexperienced operator, 
working without supervision, had difficulty in exposing the lumbar chain 
and abandoned the procedure; a bilateral sympathectomy was accomplished 
without difficulty a few weeks later. In one patient the operator had 
finished a unilateral lumbar sympathectomy upon the involved side and was 
proceeding with the other side when he found the spinal anesthesia was no longer 
effective. The patient had obliterative arterial disease with symptoms limited 
to one extremity; the other was beine denervated simply to provide the 
patient with what safety continued vasodilatation might give him. Rather than 
vive the patient a general anesthesia it was decided to defer the second gang- 
lionectomy. Onee, before adequate experience with dorsal svmpatheectomy 
had been obtained, the procedure was abandoned in a man of extraordinarily 
heavy build in whom a pleural tear had been made and in whom proper exposure 
was difficult. The patient was operated upon successfully at a later date. 
Only once has an experienced operator failed to achieve the sympathetic 
denervation he desired to carry out. This was the case of an unrecognized 
resection of the fourth instead of the third rib with consequent deeentraliza- 
tion of theethird and fourth rather than of the second and third dorsal svmpa- 
thetie ganglia. 

The sympathectomies were performed upon various indications. In Table I] 
the primary indications for operation are listed, together with certain relevant 
data. In segregating the patients into the different groups many had_ to 
he placed arbitrarily in one group or another since several clear-cut indica- 


tions existed. For example in some patients there was major causalgia, 
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reduction in circulation from ligation of a major artery following trauma, and 
ischemic paralysis of nerves. Patients undergoing lumbar sympathectomy 
averaged 35.8 years in age with a range from 16 to SO; those undergoing 
dorsal sympathectomy averaged 28.6 vears in age with a range from 18 to 60. 
Only 18 of the 157 patients who had dorsal sympathectomy and in whom the 
exact age is known were 40 vears of age or more (‘Table IIL). One hundred sixty- 
three of the 453 patients who underwent lumbar sympathectomy and upon whom 
the exact age is known were 40 vears of age or older, and 106 of them were 50 
or older. Six of the 25 patients in whom the exact age is not available were in the 
older age group. Henee, approximately 25 per cent of those subjected to lumbar 


eanelionectomy were 50 vears of age or older. 


TABLE TI]. AGkE DISTRIBUTION OF PATIENTS UPON WHOM SYMPATHECTOMY WAS PERFORMED 
DORSAL SYMPATHECTOM \ LUMBAR SYMPATHECTOMY 
AGE OF PATIENT (YR. ) (NO. OF PATIENTS NO. OF PATIENTS ) 

Less than 20 S 16 
20 to 30 4 158 

BO to 40 ys 116 

10 to 50 ke a | 

50 to 60 3 D7 

60 to 70 we 

70 to SO 0 15 

SO or more 0) l 

Age not known 5 25 

Total 162 17S 


The majority of all the patients were in excellent general health. Many 
in the vounger age group were soldiers in the best possible condition; a fairly 
large number, however, were debilitated by long-continued illness. Many of the 
patients with peripheral arteriosclerosis had generalized cardiovascular disease 
and many had diabetes or hypertension, Not a few of the patients were very 
poor “operative risks.’’ In addition to such disorders as diabetes, hypertension, 
and generalized vascular disease, not a few had severe cardiac disease with 
Inarginal or poor compensation, auricular fibrillation, or recent myocardial 
infaretion. A few patients in whom sympathectomy might otherwise have been 
performed were not operated upon because of such diseases as severe recent 
myocardial infaretion or pneumonia. That the patients did not generally eon- 
stitute a selected group is perhaps indicated, however, by the fact that | have 
performed only two lumbar svmpathetie aleohol imjections during the period 


covered in this survey, 


POSTOPERATIVE COURSE AND COMPLICATIONS 


In veneral the patients stood the operations extraordinarily well and 
had a comfortable convalescence and a short period of hospitalization. When 
bilateral sympathectomies were performed in stages the operations were usually 
spaced from five to eight days apart. Nearly all patients took a regular diet the 
evening of the day of operation or the following day. Distention, anorexia, 


and constipation occurred exceedingly rarely. All of those patients in whom 
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ho specific contraindication existed were made ambulatory early; during the 
past Six vears nearly all such patients were out of bed and walking the day 
after operation. Unless some local lesion such as ulceration, or some general 
condition such as heart disease, made prolonged hospitalization necessary, most 
of the patients were discharged in from four to eight days after operation. 

In Table LV are listed the complications which occurred. There were three 
hematomas of wounds. Several hours after completion of a lumbar sympathee- 
tomy one patient complained of pain in the wound, inspection of which revealed 
a hematoma rapidly increasing in size. The wound was explored and a small 
arterial bleeder was found in the internal oblique muscle. This was ligated, the 


wound re-sutured, and no further difficulty ensued. In another individual there 





developed in the retroperitoneal! Space a moderate-sized deep hematoma which 





caused discomfort for a few days but which subsided satisfactorily without 
specific treatment. A third patient developed a small hematoma after dorsal 
sympathectomy - no treatment was required. Two additional patients developed 
a serous effusion in the wound after dorsal sympathectomy; in both instances 
bacterial cultures were negative and the effusion did not recur after one or 
two aspirations. 


TABLE ITV. COMPLICATIONS AFTER SYMPATHECTOMY 


WOUND COMPLICA CHEST COMPLICA | 
TIONS TIONS 
7 uf 
A ~ 7, 
fa a1 Z e 
z O| ae 2 
— m |e a Kemi de | 
t. fz) o oo eo —_ SS 
— cyl) Ce HO) S fe, “4 
et iad | Oe | ee ee Zed b= Ree fe a <. 
= Pe ee > a ae oe ee ee 
AGE Of} sin i _ m= — |e * a 
nie nD ee =. a ee ea ee 
NO. OF ene E =| & = - om a Ss on = a5 
)PERA YR. ClSliclIS|/ EZ (SIS e1BI/2IS/3 8 
. ee fx) 2m od ie fm - Ovi - | sis 
INDICATION FOR OPERATION |TIONS |RANGE|AVER. | 7%] =/5S/2/ BRIJE|SElLE/2/8/28 |peatn 
Lumbar Sympathectomy 
Vasospastic disorders 17 16-53 29.7 
Trench foot and frostbite SS 18-55 27.4 
Arterial injury, aneurysms, |) 154 | 19-69 27.2 1 |] l 
eausalgia, posttraumat i 
vasomotor disorders, ete. 
Postphlebitic sequelae and 74 17-66 °° 37H l 
leg ulcers 
Obliterative arterial dis 244 23-80 46.9 5 > ] l 


ease, acute arterial 
thrombosis, and embolism 
All 607 16-80 35.8 2 6 » F 1 1 
Dorsal Sympathectomy 
Vasospastic disorders ‘i 18-60 31.2 l l l l Z ] yd 
Arterial injury, aneurysms, | 105 | 19-59 27.0 | 1 2 |] l 
causalgia, posttraumatic 
vasomotor! disorders, ete, 
Obliterative arterial dis 94 127-50 31.5 
ease, acute arterial 
thrombosis and embolism 
All 206 18-60 28.6 a l ] | l 3 
All Sympathectomies 


Total 813 16-80 33.912 3 6 1] 2 l g | Ll 3 ae ae 
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In six patients a minor wound infection oeeurred, either one or more 
stitch abscesses, or a small subcutaneous abscess. No difficulty or prolongation 
of hospitalization resulted. There was only one serious wound infection. This 
Was the case of a patient with Raynaud's disease who developed, after dorsal 
sympathectomy, an infection involving all portions of the operative ineision. 
The infection subsided after the wound was opened and drainage was established. 
In two patients there was a partial separation of the skin edges; prompt heal- 
ing without infection occurred. One patient with a peeuliar disorder char- 
acterized by Raynaud's phenomenon in all four extremities and by unexplained 
areas of necrosis of the skin developed another area of necrosis just caudad 
to the operative incision; in this instance a dorsal sympathectomy had been 
performed transthoracically through an anterior incision, 

Altogether wound complications were recorded in fifteen cases, an incidence 
of 1.8 per cent. It is possible that trivial stitch abscesses or small hema- 
tomas may have gone unrecognized in a few, or that such observations were not 
recorded. In general, however, members of the staff who cared for these patients 
were alert and careful to makes notes of such complications. At any rate, it is 
evident that more or less serious complications were limited to four patients, 
two with hematomas, one with a serious infection, and one with a necrotic ulcer 
near the incision. 

In nine patients there was evidence suggestive of lobar atelectasis or 
pneumonitis. All of these patients did well with the usual therapeutic measures 
and in none was hospitalization prolonged. A spontaneous bilateral pneumo- 
thorax occurred in one patient after a right dorsal sympathectomy. In this 
ease the pleura was not perforated at operation. As the procedure was being 
terminated a small amount of air was noted under the pleura. Not only was no 
tear in the pleura visible but there was no sucking in or blowing out of air with 
respiratory movements or of the saline solution used for irrigation, Within a 
few minutes after completion of the operation a tension pneumothorax was 
present. A thoracentesis with removal of the air and re-establishment of normal 
intrapleural pressure gave relief from the dyspnea and evanosis. A short while 
later the patient was again dyspneie and evanotic and had signs of a pneumo- 
thorax on the opposite side. Again relief was obtained from thoracentesis and 
aspiration of air, No recurrence took place and roentgenograms taken the 
following day revealed no residual pneumothorax on either side. Though no 
definite emphysematous blebs were visible in the roentgenograms, it was. felt 
that breaking of such blebs in all likelihood accounted for this unusual difficulty. 
In another patient an uncomplicated dorsal sympathectomy executed without 
pleural perforation was followed by an unexplained serous pleural effusion which 
Increased in extent over a period of several days and required several thora- 
centeses before it finally disappeared. One patient developed a small hemo- 
thorax after each of two dorsal svmpathectomies; in each instance the pleura 
was torn during the dissection. No difficulty resulted. Another patient de- 
veloped a massive serosanguineous effusion after a dorsal sympathectomy during 


Which the pleura was torn. A single thoracentesis with removal of almost all 
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the bloody effusion suffieed and convalescence was rapid. In one patient a 
questionable small pulmonary infaretion oeeurred. There was a sudden onset 
of chest pain with cough and a pleural rub. Though roentgenograms were 
indeterminate and there was no evidence of peripheral venous thrombosis, this 
was felt to be an instance of a small pulmonary embolism. 

There were thus recorded fifteen instances of pulmonary complications, an 
incidence of 1.8 per cent. Again it must be said that it is entirely possible 
that a few eases of minor pulmonary complications went unrecognized or were 
not recorded. A careful serutiny of the records and of the charts of vital signs 
failed, however, to reveal other instances which were particularly suggestive of 
such difficulties. 

Except for the one case of probable pulmonary embolism, there were 
no other cases in which there was anything to suggest the occurrence of phlebo- 
thrombosis or thrombophlebitis. One patient after a lumbar sympathectomy had 
a febrile course of moderate degree for about one week ; no adequate explanation 
was ever found for the fever. One postoperative death occurred. The case 
report follows. 

CASE REPORT 

The patient was a 6S-vear-old woman with generalized arteriosclerosis, arteriosclerotic 
cardiovascular disease, moderate hypertension, and diabetes mellitus. She had been admitted 
to the hospital on Noy. 28, 1946, with a painful and infected area of superficial gangrene 
involving the right third toe. There were no arterial pulsations palpable in either lower ex 
tremity below the groin and the circulation was badly impaired in both feet. She experienced 
relief of pain during a period of sympathetic procaine anesthesia though there was no rise 
in skin temperature or improvement in color of the foot. No healing appeared to be taking 


place after an open amputation of the distal phalanx of the infected and gangrenous right 


third toe. On December 30 a right lumbar sympathectomy was performed. The pain disap- 


peared and the stump began to heal. On Jan. 15, 1947, a cholecystectomy was performed for 


an acute exacerbation of chronic colecystitis and cholelithiasis. The toe was well healed at 
the time of the patient’s discharge on February 3. She was readmitted a few days later with 
signs of thrombophlebitis in the right lower extremity. She was treated with anticoagulant 
therapy and was discharged in three weeks. She continued to have some dependent edema 
and wore elastic support. In May she began to have severe rest pain at night in the left 
leg ani foot. The pain continued and in July she developed areas of gangrene of the left 
second and third toes. She was admitted to the hospital on July 14. A left lumbar sympathetic 
block afforded temporary relief of pain but very little improvement in circulation. In spite 
of the excellent result which she had obtained in somewhat similar circumstances following 
right lumbar sympathectomy, it was felt that a supracondylar amputation was the procedure 
of choice. The patient refused to have this done, however, and on July 29 a left lumbar 
sympathetic ganglionectomy and amputation of the distal phalanx of the second toe were 
performed under spinal anesthesia supplemented with intravenous Pentothal Sodium. She 
appeared to be doing well postoperatively. She had no pain in the left lower extremity, the 
circulation in the stump appeared slightly improved, and the general condition seemed satis- 
factory. She was quite active in bed and took the diet well until the fifth postoperative day 
when she vomited several times and required an infusion. Early the next morning she was 
found in coma. The lungs were clear to auscultation and percussion; pulse and blood pressure 
were unobtainable; heart sounds were feeble and rapid. Within a short while she died in 
spite of oxygen and other supportive therapy. She had had no insulin for nineteen hours and 
this injection had been covered by an infusion of glucose. The cause of death was unknown 


and an autopsy was not obtained. Roentgenograms made one week before operation showed 
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slight cardiac enlargement, calcification of the aorta, minimal pulmonary emphysema, and 


interstitial fibrosis. 


There were no deaths followine dorsal sympathectomy. There was only 
the one death following svympathetie denervation of 607 lower extremities 
performed in 553 operations upon 478 patients. Considering only those patients 
50 vears or more in age, there was one fatality following 129 operations (156 
svmpathetic denervations of extremities) upon 112° patients. The operative 
mortality of unilateral or bilateral lumbar sympathectomy was thus 0.18 per 
cent for the entire group, and 0.78 per cent for those patients 50 vears or more 
in age. 

With regard to complications which may occur during the operative proce- 
dure itself, it may be said that these were almost completely limited to 
inadvertent perforation of the peritoneum or pleura. Tearing into the peri- 
toneal cavity was exceedinely rare even in the hands of inexperienced operators ; 
in all such eases the peritoneal laceration was sutured and the operation e¢om- 
pleted without difficulty. The incidence of pleural perforation during dorsal 
sympathectomy was almost inversely proportionate to the surgeon’s experience 
with the operation. In general this diffieultv occurred often during the early 
experiences and infrequently once the teehnique was well mastered. 

Two other complications remain to be diseussed. One is the occurrence 
of a “‘spinal’’? headache following dorsal sympathectomy with intradural root 
section associated with loss of spinal fluid. A) few eases of severe headache 
lasting for from a few days to a week or more occurred in my early experience 
with intradural root section before it became evident that the leak of spinal 
fluid could be quickly and efficiently sealed off by holding a plug of fibrin 
foam against the foramen for a few moments after section of the root. Since 
this precaution has been taken no headaches have occurred. 

The second complication is a distressing discomfort in the thigh whieh 
may follow lumbar sympathectomy. The onset of this discomfort is rarely im- 
mediate but usually begins from a few days to a week after operation. — It 
generally lasts for only a few weeks but has persisted in a few patients for 
from six weeks to two months. Sometimes this discomfort is ineconstant and is 
present chiefly at night; sometimes it is more or less constant. The patients find 
it difficult to deseribe the pain accurately or to localize it well. Most of them 
describe it as a deep aching sensation felt diffusely through the deep tissues of 
the thigh. It is not associated with cutaneous sensory changes or with any 
motor alterations but is sometimes associated with slight tenderness of the 
thigh muscles. Its cause is unknown. Efforts at alleviating the discomfort 
have not been particularly suecessful. In some individuals warm tub baths 
have given more relief than anything else. In some mild sedatives such as 
acetyl salievlie acid are helpful. In others codeine and demerol have not been 
very effectual. A few, particularly those with night pain only, appear to be 
relieved in part, but never completely, by small doses of quinine. Unfortunately, 
no accurate record of the incidence of this complheation has been kept. At one 


time notes were kept concerning its occurrence in sixty consecutive cases and it 
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was found to occur in about 5 per cent; at other times its incidence has un- 
doubtedly been higher. Though its cause is not known and its control difficult, 
this sequel is fortunately uncommon and is always self-limited. 

Absence of sweating in the area denervated is an expected physiologic 
response to sympathectomy. Sometimes this result is the chief aim in sympa- 
theetomy, as in cases of annoying hyperhidrosis or bromhidrosis. Fortunately 
in other instances of peripheral vascular disease as well, the postoperative 
absence of sweating is of real benefit to the patient, since there is no longer 
any local evaporation with its consequent increased heat loss and decreased 
circulation and since maceration of skin and fungus infections are less: hkely 
to occur in the dry hand or foot. Rarely does any trouble result) from= the 
dryness of skin, provided each patient conscientiously keeps the skin well 
lubricated with lanolin as he is directed to do. Occasionally patients develop 
eracks in the skin but this occurrence is generally limited to those who have 
s¢leradermatous alterations and who have been negligent in the care of the 


skin. Uneommonly there is a noticeable increase in sweating in the normally 


innervated areas of the body after sympatheetomy, especially in’ persons who 
tend to sweat profusely with emotional excitement, exercise, or in hot weather. 
Only a very few have had such complaints after bilateral lumbar or dorsal 
sympathectomy or even after three extremities have been denervated. Of the 
sSIx patients in whom all four limbs were svmpathectomized, however, there was 
distressing hyperhidrosis in the normally innervated trunk in three. One, in- 
deed, was so bothered by this phenomenon that he wondered whether the relief 
of the Raynaud sViInptoms was henefit enough to justify the operation, The 
others felt that the inereased sweating of the trunk was of little concern in view 
of the marked relief which the sympathectomy had afforded. Patients in whom 
extensive sympathetic denervation is thought desirable should, however, be 
warned of the possible occurrence of increased sweating in the normally in- 
nervated portions of the body, and sympathectomy should be limited to two 
or three extremities unless the indications are clear for performing it upon all 
four. 


SUMMARY AND CONCLUSIONS 


It has been generally assumed, I believe, by most of those who are 
actively engaged in operative work upon the svmpathetic nervous system that 
these procedures are well tolerated by patients and earry little risk. One 
certainly vets this impression from most of the reported experiences, It 
is undoubtedly true, however, that many physicians must look upon sympathetic 
denervation of the extremities: as rather formidable operations; otherwise 
it is difficult to understand their persistence in the use of other less effectual 
means of treatment in cases which appear to profit maximally from sympa- 
thectomy. It is also true that some surgeons have often elected to perform 
periarterial stripping in lieu of direct attack upon the eaneglionated chain 
hecause of the supposed risk associated with these procedures.  Leriche and his 
associates,?” for example, have stated that lumbar sympathetic ganglioneetomy 
carries a mortality of 4 per cent or more. 























SHUMACKER, JR.: SYMPATHETIC DENERVATION OF EXTREMITIES 5 45 


Krom this study it would appear that the operations tor bringing about 
sympathetic denervation of the upper and lower extremities are useful pro- 
cedures which cause little discomfort to the patient, necessitate only a brief 
peroid of hospitalization, are followed by few complications, and carry a 
small risk of fatality. Both proceedures requires a thorough knowledge of 
the anatomy involved and can be done properly only with precise and gentle 
dissection. With proper tutelage, lumbar ganglionectomy can be mastered 
fairly early in the course of surgical training. Dorsal svmpatheetomy should 
not be attempted by anyone until he has beeome a fairly adept operator and 
then only with initial assistance of one experienced in the procedure, Anal- 
vsis of the fairly large experience reported in this survey would suggest that 
hoth dorsal and lumbar sympatheetomy are sufficiently sate operations to 
warrant their application when they appear to offer reasonable promise of 
improvement in the patient’s condition, 
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THE EARLY EFFECT OF LUMBODORSAL SYMPATHECTOMY 
UPON THE RESPONSE TO INSULIN IN MAN 


Kk, A. SIMEONE, M.D.,.* AND (BY INVITATION ) HT]. Vavoupres, A.B. 
Boston, Mass. 


HE sympathicoadrenal system is an integral part of the physiologic organ- 

ization which maintains the concentration of sugar in the blood within nor- 
mal limits (Cannon’). Using the denervated heart as an index for circulating 
adrenine, Cannon, MelIver, and Bliss* * observed that when the level of the blood 
sugar fell to 70 or SO mg. per cent in unanesthetized eats, there was a demon- 
strable secretion of adrenine into the circulation. The liberation of this hormone 
was prevented by removing one adrenal and denervating the other or by inject- 
ing dextrose solution to correct the hypoglycemia. Cannon, Melver, and Bliss? 
further noted that when the adrenals were inactivated convulsions occurred with 
smaller doses of insulin and sooner after its injection than in the control animals. 
By means of crossed circulation experiments in the dog, Houssay, Lewis, and 
Molinelli’® demonstrated secretion of adrenine when insulin-induced hypogly- 
cemia reached levels of about 50 me. per cent. They used the hyperglycemic 
response to circulating adrenine as their indicator. They, too, showed that 
sympathetic denervation of the adrenal glands or the injection of glucose solu- 
tions intravenously prevented the liberation of adrenine into the circulation. 
Burn’ had already shown, in 1923, that the injection of ergotoxine, which was 
known to paralyze the positive effects of sympathetic nervous system activity, 
made rabbits more sensitive to insulin than normally. 

Britton, Geiling, and Calvery? studied the response to insulin in the same 
animals before and after excision of one adrenal gland and denervation of the 
other by splanchnicectomy and removal of the upper 1 or 2 em. of the lumbar 
sympathetic chain. They found that after operation greater degrees of hypo- 
slycemia and severer reactions to it were obtained even though smaller doses of 
insulin were used than before exclusion of the adrenal glands from sympathetic 
control. While in the preoperative animal convulsions were attended by a rise 
in the concentration of sugar in the blood, after operation convulsive seizures 
were followed by a further lowering of the insulin hypoglycemia. 

Dworkin'' '? confirmed the activation of the sympathicoadrenal system by 
insulin-induced hypoglycemia in the eat and observed that completely sym- 
pathectomized cats developed signs of hypoglycemia with much smaller doses 
of insulin and more quickly than normal animals did after the injections. 
Schlossberg, Sawyer, and Bixby*® pointed out that if doses of no more than 0.2 
unit of insulin per kilogram were used, no symptoms developed in the animals 


and no difference could then be demonstrated in the responses to insulin of nor- 
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mal and sympatheetomized eats. When 0.5 unit of insulin per kilogram of body 


weight was used, however, obvious differences could be detected between the con- 
trol and experimental animals. Among the control animals, marked symptoms 
and convulsions occurred in only one out of seven. All of the sympathectomized 
animals had severe symptoms and three of them had convulsions without spon- 
taneous recovery but requiring the parenteral administration of dextrose. The 
blood sugar concentration fell to its lowest point more rapidly in the sympathee- 
tomized animals than in the normal controls. Schlossberg and associates re- 
ported that the blood sugar fell to lower levels in the sympathectomized animals 
than in the controls, but their figures for this conclusion are not entirely con- 
vincing. Freeman, Smithwick, and White'® observed a similar sensitivity to 
insulin in the rabbit after denervation of the adrenal glands. In the dog, 
de Takats and Cuthbert?*°° showed both an increased glucose tolerance and an 
increased insulin sensitivity after denervation of the adrenal glands, and Cimi- 
nata” reported that he had counteracted the effects of pancreatectomy in a dog 
by denervation of the adrenal glands. These data furnish ample evidence for 
the important role that the svmpathicoadrenal system plays when the mecha- 
nisms which regluate the concentration of sugar in the blood are put under stress. 

Tests of the sensitivity of patients to insulin and to hypoglycemia have 
already found clinical application. In 1941, Fraser, Albright, and Smith" 
presented a ‘‘eomposite curve’’ for the response of normal individuals to intra- 
venous insulin. By comparison of the hypoglyeemie responses in endoerin- 
opathies with the normal curve, obvious differences were demonstrable, and the 
‘‘insulin-tolerance’’ test was thought to be of value in that it brought out hypo- 
elycemia unresponsiveness in patients with hyperinsulinism, panhypopituitar- 
ism, and hypoadrenocortism. Meduna and MeCulloch®® illustrated a difference 
between insulin-tolerance curves in normal and in psyehiatrie patients. More 
recently, Kronenberg and McCulloch?! demonstrated differences between normal 
and oneirophrenie patients in the responsiveness to insulin and to insulin hypo- 
olveemia. They pointed out that the difference could be detected as early as 
fifteen minutes after the injection of insulin and by using doses of 0.1 unit per 
kilogram of body weight or even with doses as low as 0.0125 unit of insulin per 
kilogram of body weight. In their report on the surgical aspects of hyper- 
tension, de Takats, Heyer, and Keeton*! presented evidence of increased sensi- 
tivity to insulin after sympathectomy. 

In the light of the experiences just reviewed, it was thought possible that 
the responsiveness to insulin and to the ensuing hypoglycemia might be used as 
a test for completeness of denervation of the adrenal glands and for regeneration 
of sympathetic nerves into once denervated adrenal glands. Information so 
obtained would be very useful in the evaluation of the causes for failures in the 
treatment of hypertension by sympathectomy. 


METHOD 


Patients of both sexes on private and public wards were used in the study. 
Those who had any evidence of diabetes mellitus were exeluded. The patients 
tested varied in age from 15 to 58 vears. The average age was 41 years. The 
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response of the blood sugar concentration to insulin injected intravenously was 
tested as part of a series of physiologic tests done both before and after opera- 
tion. In some patients (twenty-two cases) tests were made in the interval 
hetween stages of sympathectomy. The patients had been on a ‘*‘house diet”’ 
consisting of about 70 Gm. of protein, 50 Gm. of fat, and 300 Gm. of carbohy- 
drate per day for a period of a week or more before the test. Following opera- 
tions, they had been on a *‘house diet’’ for ten days (average) before the test 
and were ambulatory. Fraser, Albright, and Smith'® reeommended a diet con- 
taining 300 Gm. of earbohydrate in each of the three meals preceding the test. 
This recommendation was not followed in the present study, because it was an- 
ticipated that difficulty might be experienced in obtaining so high a carbohy- 
drate intake in postoperative patients. The subjects were therefore allowed a 
house diet without rigid control both before and after operation. Patients who 
showed any signs of fever on the day preceding the seheduled test were not 
studied until a later date. The subjects had fasted for twelve to fifteen hours 
before the test was begun. 

The extent of the svmpathectomies in the patients studied is represented in 
Nie. 1. <All of the patients had at least a bilateral removal of the ninth to twelfth 
thoracic ganglia, inclusive, and of the major splanehnie nerve. The lesser and 
least splanehnie nerves were necessarily decentralized and actually excised in 
most instances. When, in individual cases, the extent of sympathectomy was 
evreater than the minimum of the ninth through the twelfth thoracic ganglia, 
the spread was generally as much above the ninth as it was below the twelfth 
thoracic. One exception to this general rule was a patient with both hyper- 
tension and Raynaud's disease, for whom a sympathectomy was done, including 
the second through the twelfth thoracie ganglia bilaterally. In addition, the 
denervations extended through the third thoracie in two patients on the right 
side and in four patients on the left side. 

The insulin dosage adopted was 0.08 unit per kilogram of body weight in- 
jected intravenously. Pilot tests had resulted in symptoms of hypoglycemia and 
in a drop of the blood sugar level to as low as 49 mg. per cent (an actual drop 
of 40 mg. per cent from the fasting) when as little as 0.04 units of insulin per 


kilogram of body weight were injected intravenously. De Takats, Heyer, and 


Keeton*! had obtained useful responses to 0.01 unit of insulin intravenously per 
kilogram of body weight. Since some patients had shown an inadequate response 
to 0.04 unit of insulin per kilogram, however, it was decided to use double that 
amount as the standard test dose. A larger dose was avoided purposely, beeause 
it was feared that an overwhelming dose of insulin might not discriminate be- 
tween the normal and svmpathectomized patients, much as too large a dose of 
adrenalin fails to discriminate between the responses of normal and sensitized 
smooth muscle. 

Blood samples were obtained in duplicate shortly before the injection ot 
insulin and approximately 15, 30, 45, and 60 minutes after the injection. Speci- 
mens were then obtained every half hour until 3 hours (in some cases 21% hours ) 
after the injection of insulin. No attempt was made to collect the blood speei- 
mens exactly on time, but the exact time that each specimen was taken was eare- 
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lor compiling the data, the mean time of the 


points for each group of determinations was used on the abscissa to correlate the 


blood sugar level and the time after the injection of insulin. 


The reducing sub- 


stances in 0.1 ¢.c, of capillary blood were measured by the method deseribed by 


Kolin and Malmros.'* 
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When the data were assembled they were tested statistically for significance. 


Standard deviations of individual values from the means were calculated by the 
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age and Q is 1-P all expressed as decimals. If the ratio of the difference between 
the values in question and the standard error of those values is not greater than 


2, the difference ean be considered due 10 chanee, 


RESULTS 

1. The fasting blood sugar level in patients with hypertension before and 
after sympathectomy. The concentration of reducing substances in the blood of 
forty-eight fasting patients with hypertension varied from 72 to 118 me. per 
cent. The mean was 88 mg, per cent. In the entire group of thirty-three post 
operative patients, the average fasting blood sugar was also SS mg. per cent. In 
the group of twenty-two patients who had tests done between stages of svmpath- 
ectomy, the average fasting blood sugar level was 93 mg. per cent. There was 


no significant difference amone these values, 


TaBLE I. THE FASTING BLoop SuGAR LEVEL IN HYPERTENSIVE PATIENTS BEFORE, AFTER, ANI 
SETWEEN STAGES OF SYMPATHECTOMY MILLIGRAMS PER CEN 


SAME PATIENTS BEFORE AND 
AFTER SYMPATHECTOMY 

STAND- 

ARD 

DEVI 

| ATION ATION 
RELATION TO NO. MAXI OF THE NO. MAXI-| MINI AVER OF THE 
SYMPATHECTOMY CASES | MUM J MEAN CASES! MUM |MUM AGI MEAN 


Before $8 118 : +92 29 118 ic 88 +65 


+ 


After 33 102 7 +7.0 2g 102 7 r id 
Between stages 29 113 r +10).7 16 113 3 93 +10.6 


When the average fasting blood sugar levels of the same twenty-nine pa- 
tients in whom tests were done both before and after lumbodorsal sympathee- 
tomy were compared, again no difference was observed. Similarly, the average 
blood sugar level in sixteen patients who had interim as well as preoperative and 
postoperative tests was well within normal limits and not significantly different 
from the values before and after completion of the sympathectomy. The figures 


are presented in detail in Table I. This lack of difference between the blood 


sugar levels in subjects before and after svmpathectomy is in agreement with the 
data reported in animals (Cannon, Melver, and Bliss,° Britton, Geiline, and 
Calvery,? Dworkin,'? Schlossberg, Sawyer, and Bixby.?°> MeDonough,?* Brouha, 
Cannon, and Dill 

2. The reaction of the blood sugar to intravenous insulin in patients with 
hypertension before sympathectomy. Forty-eight patients were tested. Of 
these only twenty-nine eventually had completion of both stages of svmpathee- 
tomy. Fig. 2 represents the insulin tolerance curves for the group of twenty- 
nine patients in whom determinations were made both before and after svm- 
patheetomy. In Fig. 2, A, the blood sugar concentrations are expressed as 
changes from the fasting level in milligrams per cent. In Fig. 2, B, the blood 
sugar values are expressed as per cent of the fasting blood sugar. Each point 
in the curve represents a mean of several determinations (Table IL) and the 
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standard error of individual determinations from that mean is represented by 
the shaded area above and below the curve. The curves obtained from the entire 
eroup of forty-eight patients before sympathectomy were practically identical 
with those in Fig. 2 (see Table IIL) and are therefore not presented. 


REACTION OF BLOOD SUGAR TO INTRAVENOUS INSULIN 
(BEFORE SYMPATHECTOMY) 
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Fig. 2.—The composite insulin-tolerance curve in twenty-nine patients in whom the tests 
were done both before and after operation. A, The blood sugar values are expressed as drops 
in absolute milligrams per cent from the fasting level taken as the zero point. Bb, The blood 
sugar values are expressed as per cent of the fasting level. The shaded areas represent the 
standard deviation of the determinations from the mean. 
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It will be noted that, preoperatively, the lowest points in the insulin toler- 
ance curves occurred on an average of 35 (+ 6.4) minutes after the intravenous 
injection of insulin. The earliest nadir occurred 24 minutes after the injection ; 





the latest, 55 minutes. Hypoglycemia in response to insulin developed more 





slowly in these patients than had been observed in normal individuals by Fraser, 
A, 

REACTION OF BLOOD SUGAR TO INTRAVENOUS INSULIN 

10 (AFTER SYMPATHECTOMY) 
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Fig. 3.—The composite insulin tolerance curve after Jumbodorsal sympathectomy in the 
same twenty-nine patients represented in Fig. 2. A and B as in Fig. 2. The shaded areas 
represent the standard deviation ef the determinations from the mean. 
























Albright, and Smith (20 to 30 minutes)’ and by Braceland, Meduna, and 
Vaichulis (30 minutes). The explanation for this slower development of hypo- 





elycemia after the injection of insulin in hypertensive patients as compared with 





normal individuals is not apparent. The phenomenon may be characteristie of 





the disease or it may be due to the fact that the normal controls in the group 








reported by Fraser, Albright, and Smith'* were sensitized to insulin by the high 


















334 SURGERY 


carbohydrate intake before the tests. Recovery from hypoglycemia was rapid 
and, in general, the blood sugar concentration had returned to pre-injection 
levels within two to two and one-half hours, often with a slight positive rebound 
at about the second hour. 

A. 


FREQUENCY OF DIFFERENT DEGREES OF HYPOGLYCEMIA 
BEFORE AND AFTER SYMPATHECTOMY 
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INCIDENCE OF DIFFERENT DEGREES OF HYPOGLYCEMIA 


Fig. 4.—The frequency of different degrees of hypoglycemia in twenty-nine patients be- 
fore and after lumbodorsal sympathectomy. A, When the lowest blood sugar concentration 
is expressed as the actual drop in milligrams per cent from the fasting level as the zero point. 
B, When the lowest blood sugar concentration is expressed as per cent of the fasting level. 
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3. The reaction of the blood sugar to intravenous msulin between stages of 
sympathectomy and after bilateral lumbodorsal sympathectomy. Fig. 35 shows 
the insulin tolerance curves after completion of lumbodorsal sympatheetomy in 
the same twenty-nine patients whose preoperative tests are illustrated in Fig 2. 
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Fig. 5.—The composite insulin tolerance curve in twenty-two patients in whom deter- 


minations were done between stages of lumibodorsal sympathectomy. f and B as in Fie. 2. 
The shaded areas represent the standard deviation of the determinations from the mean. 


Curves for the whole group of thirty-three patients in whom sympathectomy 
was completed were practically identical with these and are therefore not pre- 
sented (Table 111). The points were computed as means, just as they had been 
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before operation, and the standard deviations from the means are indicated by 


the shaded areas. Three features are of interest. First, there is no significant 
delay in the recovery from hypoglycemia which was expected if these results 
were to conform with the reported animal experiments. Second, the drop in the 


concentration of blood sugar is not as great after operation as it is before (Fig. 


& 


REACTION OF BLOOD SUGAR TO INTRAVENOUS INSULIN 








®@ before sympathectomy 
@ between stages 
© after sympathectomy 


BLOOD SUGAR AS CHANGE FROM FASTING LEVEL 
(in milligrams percent) 


90 #0 150 180 
TIME IN MINUTES 





@ before sympathectomy 
@ between stages 
O after sympathectomy 


BLOOD SUGAR AS PERCENT OF FASTING LEVEL 





“30 ~£0 £90 120 ISO 180 
TIME IN MINUTES 
B. 


Fig. 6.—The composite insulin tolerance curves before operation, in the interim between stages 


of operation, and after completion of lumbodorsal sympathectomy. 1 and B as in Fig. 2. 
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4). Third, the lowest point in the curve comes later, on the average, than it does 
hefore operation. When tested statistically, the difference between the lowest 
points in the curves before and after operation is well outside the possibility of 
its being due to chance. 

In Fig. 5 are represented curves of insulin tolerance in twenty-two cases in 
which the test was done in the interim between stages of lumbodorsal sympathee- 
tomy. It will be seen that these curves are practically identical with those from 
the group tested after completion of sympathectomies. Sinee, in the animal, 
unilateral adrenal denervation does not influence the tolerance to insulin, it ¢an 
be concluded that the difference between the insulin-tolerance curves before and 
after completion of sympathectomy is not a specific effect of operation (Fig. 6). 
Instead, it probably represents a nonspecific effect of a major surgical procedure 
on the general bodily economy of the patient, carbohydrate metabolism being 
one component of such a general effect. 

4. Clinical effects of intravenous insulin (0.08 unit per kilogram of body 
weight) before and after sympathectomy. In spite of the fact that sueh small 
doses of insulin were used, clinical signs and svmptoms were detectable in the 
majority of patients before sympathectomy. Pallor or flushing, sometimes 
alternating in the same patient, was commonly observed. Profuse perspiration 
was common. Weakness, lassitude, and drowsiness (leading to sleep) were ob- 
served among the severer reactions. No patient had convulsions. In Table IV 
is listed the incidence of such insulin reactions before and after sympathectomy. 
Patients recorded as having slight symptoms developed pallor, weakness, and a 
feeling of unsteadiness. The svmptoms were classified as moderate when, in 
addition to those just described, there was profuse sweating. Under severe 
symptoms are listed the patients who, in addition to drenching perspiration, 
heecame very drowsy and slept when left alone. After lumbodorsal svmpathec- 
tomy, reactions to the doses of insulin used were less common and less severe. 
This finding was unexpected, but is consistent with the greater resistance to 
insulin that these patients exhibited after sympathectomy (Figs. 2 to 6). 


DISCUSSION 


The failure to demonstrate an increased sensitivity to insulin and a de- 


creased ability to recover trom hypoglycemia was unexpected in view of the 


overwhelming amount of data in the literature indicating an increased sensi- 
tivity of svmpathectomized animals to insulin. One explanation might be that 
the dosage of insulin used in the tests was too small to be discriminative as 
Schlossberg, Sawyer, and Bixby?" emphasized for the cat and Houssay, Lewis, 
and Molinelli'® for the dog. Their undiseriminating doses produced no svmp- 
toms, however, while the patients upon whom these tests were done did have 
reactions, though not universally. Yet, instead of an increase in the proportion 
of patients who developed symptoms in response to insulin after svmpathectomy, 
there was actually a decrease in the incidence of hypoglycemic symptoms. 
Furthermore, the average drop in the concentration of the blood sugar in re- 
sponse to insulin before operation was below the level believed necessary to 
elicit a central excitation of the autonomic nervous system. In fact, de Takats, 
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TABLE LV. THE REACTION OF THE BLOOD SUGAR TO THE INTRAVENOUS INJECTION 0 
TENSION STUDIED BEFORE AN 


EXPRESSED AS CHANGE FROM FASTING LEVEL (IN MILLIGRAMS PER CENT 
TIME AFTER BEFORE OPERATION | AFTER LUMBODORSAL SYMPATHECTOMY 
INJECTION MAXI- |MINI MAXI- |MINI- 

(MIN. MUM |MUM|MEAN| o TM N | MUM |MUM/ MEAN 


Before injection 0) oT 0 
12- 20 20 od ae | : iv : 12 
20- 38 56 me e: 3.6 33 25 
28- 40 2 O o é 2 50 ; 31 
36- 4: 


16 | 

e ; 35 l 
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1] +1] Dee P 16 23 + 2 
*The times are recorded with a scatter to include all the groups since the mean times for the 
points on the curves are not identical for all the groups. The mean times for each of the group 
can be read from the curves illustrated in the figures 
Hever, and Keeton®! reported a demonstrable difference in the response to In- 
sulin before and after sympathectomy when as little as 0.01 unit of insulin per 
kilogram of body weight was injected intravenously. In view of the kind of 


patients being investigated, it was certainly desirable to use doses of insulin 


which would not induce hypoglycemic shock. 

A comparison of individual insulin tolerance curves showed no essential 
difference between those from patients who had the least extensive sympathee- 
tomy and those from patients who had the most extensive lumbodorsal syvm- 
pathectomies. The lack of increased insulin sensitivity in the hypertensive 
patients is therefore not due to incomplete denervation of the adrenal @lands, 
for these structures were certainly denervated in the most extensive of the 


lumbodorsal svmpatheetomies. 





The possibility suggests itself that this decreased sensitivity to insulin is 
a manifestation of metabolic changes induced in patients as a component of the 
nonspecific effects of a major surgical procedure. That general metabolic 
changes, related to adrenal cortical function, do occur as a part of the nonspecific 
response of organisms to stress is well recognized (Selye?*). Such changes occur 
following severe injury or major surgical operations. Cope, Nathanson, Rourke, 
and Wilson’? observed in severely burned patients a negative nitrogen balance 
and an initial increase in the urinary excretion of 17-ketosteroids followed by a 
decrease during the remainder of the convalescence. Forbes, Donaldson, Reifen- 
stein, and Albright’® observed that in individuals who were previously normal 
and were operated upon or incurred injury, there was a rise in the 17-keto- 
steroid urinary excretion for one to three days followed by a fall in the exeretion 
lasting until completion of the convalescence. The 17-ketosteroid excretion is 
interpreted as reflecting the elaboration of **N,’’ or protein anabolic, hormone 
by the adrenal cortex. There is evidence, on the other hand, that exposure of 
individuals to stress is attended by an increase in the urinary exeretion of 
l1-oxyeorticosteroids (Talbot, Saltzman, Wixom, and Wolfe®? or of cortinlike 
substances (Weil and Browne,” Venning and Browne**). Vennine, Hoffman, 
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and Browne*’ found that patients excreted 3 to 30 times the normal amounts of 
cortinlike substanees in the urine durine the first week after surgical opera- 
tions. This finding is interpreted as reflecting the elaboration of the “*S”” or 
‘‘sugar’’ hormone from the adrenal cortex. It promotes the deposition of glyco- 
ven in the liver and antagonizes the action of insulin. In rats exposed to pro- 
longed stress, Masson?* observed an initial decreased insulin sensitivity (during 
the period of alarm) followed by a period of increased sensitivity to insulin 
during the period of ‘‘resistance’’ in the general adaptation syndrome. There 
may be a species difference in this regard, between rat and man, or there may be 
a different effect from a continually applied stimulus which Masson used. It is 
interesting in this connection that in 1939, Brouha, Cannon, and Dill® observed 
that, in the dog, there was a striking decrease in the glucose tolerance two weeks 
after sympathectomy with return to nearly normal thirty-two days after sym- 
patheetomy. 

The failure to detect an increased sensitivity to insulin in the patients 
studied is explained, then, by the facet that the tests were done during the period 
of convalescence when there was probably an increased excretion of cortinlike 
hormone (Venning, Hoffman, and Browne,** Talbot, Saltzman, Wixom, and 
Wolfe?) and a decreased excretion of 17-ketosteroids (Forbes, Donaldson, Reifen- 
stein, and Albright'®). Tests done later, well after the period of convalescence 
has been completed, might show a decrease after sympathectomy in the ability 


of sueh individuals to recover from insulin hypoglycemia such as has been 


demonstrated in animals. Such a test would be very useful in evaluating fail- 


ures after lumbodorsal sympathectomy for hypertension. If further study of 
this problem beyond the period of the general adaptation syndrome does demon- 
strate a sensitization to insulin after sympathectomy, it becomes equally impor- 
tant not to postpone the first postoperative insulin tolerance test too long after 
sympathectomy. It should be done before regeneration of the severed or exeised 
sympathetic fibers can have occurred. A test showing no sensitivity to insulin a 
year or more after operation would not discriminate between incomplete dener- 
vation of the adrenal glands and regeneration of fibers into once-denervated 
structures. 




















SURGERY 


CONCLUSIONS 


1. Shortly after lumbodorsal sympathectomy for hypertension, the resist- 


ance of patients to insulin is increased and the ability to recover from hypo- 


glycemia is not impaired. 

2. The significance of these findines is discussed in relation to the meta- 
bolic changes in the general adaptation svndrome and to the possible usefulness 
of the insulin tolerance test in the problems connected with the treatment ot 


hypertension by lumbodorsal sympathectomy. 
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COMBINED CERVICAL AND THORACIC APPROACH FOR 
RESECTION OF LARGE ARTERIOVENOUS ANEURYSM 


HARWELL Winsonx, M.D., AND (BY INVITATION) DUANE Carr, M.D. 
Mempuis, TENN. 


(From the De partme nt of Surgery of the Universitu of Tennessee) 


WIDE experience in the management of arteriovenous fistula was gained 

during World War II, resulting in the publication of much valuable mate- 
rial on this subject. However, these battle casualties were seen and treated 
relatively early. The purpose of this communication is to deseribe the physio- 
logie effects and management of a case of twelve years’ duration. 

Arteriovenous fistulas were recognized in 1757 by John Hunter. However, 
the true nature of the pathologie physiology caused by such lesions was not 
fully appreciated until comparatively recent times. 

It was in 1920 that Mont Reid! stated that he believed an arteriovenous 
aneurysm caused serious cardiac disturbances which might be relieved or pre- 
vented by curing the arteriovenous fistula. This opinion was based upon experi- 
ments performed upon dogs, carried out in the experimental laboratory of Di 
W. S. Halstead. Halstead had previously noticed that cardiae hypertrophy 
Was present in many patients suffering from large arteriovenous fistulas. The 
accuracy of Reid’s concept has since been confirmed many times by both clinical 


and experimental observations. The studies of Holman,’ Reid,’ Callander,’ and 


Matas? are especially significant. 

In a discussion of the factors which influence the development of cardiae : 
hypertrophy in cases of arteriovenous fistula, Gage® mentioned the size of the 
vessels involved, the size of the fistula, and the proximity of such a fistula to 
the heart. Harrison, Dock, and Holman* showed that a large arteriovenous 
fistula favors the development of an increase in the blood volume of the in- 
dividual. 

The first patient, to my knowledge, with an arteriovenous fistula involving 
the subelavian vessels to be cured by operation, was operated upon in 1900 by 
Matas, and was reported upon in 1902.5 Many have made significant contribu- 
tions to the better understanding and management of blood vessel injuries in 
the intervening years. World War IL produced more such injuries than had 
ever before been seen, and numerous important studies were made by members 
of this society and others who eared for patients in our service hospitals. 

This presentation is based upon a single case treated in civilian practice 
since our return from the service. It is presented primarily for two reasons; 
first, because it demonstrates most dramatically the extensive changes whieh are 
to be expected from a large arteriovenous fistula in which treatment is lone 
delayed, and, second, because it illustrates a type of case which technically is 
managed most safely by a combined cervical and thoraci¢e approach. 

Read at the meeting of the Society of University Surgeons, New Orleans, La., Jan. 29-31, 
1948. 
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CASE REPORT 


J.S., aged 41 vears, a colored porter, entered the teaching hospital of the University 


eel 


of Tennessee on Jan. 15, 1947, complaining of (1) swelling of the abdomen and (2) short 
ness of breath. Eight months prior to admission, the patient noticed some swelling of the 
ankles. One month later abdominal distention was observed. At this time the patient 
consulted a physician who made a diagnosis of cardiorenal disease and who gave the 
patient intravenous injections and performed abdominal paracentesis on six occasions for 


the relief of ascites. 


Fig. 1.—Appearance of left cervical region on admission. Small scar above mid-portion 
of clavicle resulted from stab wound received twelve years previously. 
Fig. 2.—Preoperative roentgenogram of chest demonstrates marked cardiac enlargement. 


Past History.—Treatment for syphilis was given in 1940 and 1941. In April, 1984, the 


patient received a stab wound one inch above the mid-portion of the left clavicle. The super 


ficial wound was sutured. Several weeks later a pulsating mass appeared above the clavicle 


and the veins became engorged. 


Examination—Examination revealed an enormous dilatation of the veins in the left 
cervieal region. The veins were tortuous and extended from the clavicle to above the lobe 
of the left ear. The dilated veins likewise extended to the right of the midline anteriorly. 
One ineh superior to the mid-point of the left clavicle was a scar 2 em. in length. In this 
region there was an oval pulsating mass which measured approximately 6 by 7 em. <A 
strong thrill was palpable in this area, and a continuous machinery-like murmur was heard 
on auscultation. It was impossible to obliterate the pulsating mass completely by pressure 
since it seemed to arise partially from beneath the clavicle, 

The heart was markedly enlarged, the point. of maximum impulse being in the 
seventh interspace, one inch medial to the anterior axillary line. The blood pressure was 
120/84, the pulse 108, and the respiratory rate was 28 per minute, The abdomen was dis 


tended with fluid. The lower extremities revealed pitting edema below the knees. 
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is Fig. 5.—Roentgenogram made on fourth postoperative day. 
the heart measures one inch less than in the preoperative film. 
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SURGERY 


Diagnosis.—Diagnosis was cardiac decompensation, secondary to long-standing arterio 
venous aneury sm. 
Abdominal paracentesis was done, and 6,800 ¢.c. of ascitic fluid were removed, The 


patient was given digitalis and mercurial diuretics. 


The symptoms and signs of cardiac decompensation disappeared rapidly after 


medical management was instituted. It was the opinion of both the internist and the 
surgical consultant that the decompensation was secondary to the large arteriovenous 
aneurysm which had been present for twelve years. It was believed that this represented 
a communication between the left subelavian vessels and this was verified at operation. 

Operation.—An incision was made over the left clavicle, beginning near its lateral 
extremity and extending to the sternoclavicular junction. The periosteum of the clavicle was 
incised and the medial three-fourths of the bone was removed subperiosteally. A Gigli saw 
was used to divide the bone laterally, and it was disarticulated medially from the sternum. 
The sternocleidomastoid muscle was divided just above the insertion and the ribbon muscles 
near the midline on either side were likewise reflected superiorly. It was apparent after this 
musculocutaneous flap was raised that it would not be possible to control the proximal vessels 
of the aneurysm without opening the thoracic case. Consequently the sternum was divided in 
the midline to just below the third costal cartilage and the sternum was then cut through 
laterally at this level so that the rib spreader could be introduced to open the mediastinum 
widely. The pleura was not entered. A tape was passed around the innominate vein. The 
left common carotid was exposed and retracted to the right with an encircling tape so that the 
left subelavian artery might be better exposed. Compression of the left subclavian artery 
definitely decreased the tension within the arteriovenous aneurysm. The left subclavian artery 
was triply ligated and divided. The innominate vein was similarly ligated and divided. The 
internal and external jugular veins, both of which entered the mass, were ligated and divided. 
The subelavian artery and vein were next divided just distal to the point at which they cross 
the first rib. At this point the mass became less tense, However, a slight thrill was still 
present. An artery and a vein were then found to enter the mass posteriorly. These were 
believed to be enlarged transverse cervical vessels, although their identity was not definitely 
established. The mass was then removed without appreciable loss of blood, At one time 
during the procedure, a small tear was made in the wall of the aneurysm and hemorrhage 
from this area was controlled by digital pressure during the remainder of the dissection. 

The operation was performed with endotracheal anesthesia. In the early stages of 
the operation 1,000 ¢.c. of saline solution were given, and 1,000 ¢.e. of blood were adminis 
tered slowly during the remainder of the operation. The blood pressure remained stable 
throughout the procedure, Two Penrose drains were placed in the wound and the closure 
was carried out with interrupted cotton sutures. The sternum was brought together with 
braided silk. At the end of the operation, which required six hours, forty minutes, the 
patient’s left hand was warm but the radial pulse could not be felt. 

Postope rative Course.—The postoperative course Was essentially uneventful, The 
temperature elevation was above 100° F. on the second and third postoperative days and 
then remained within normal limits. A feeble but palpable pulse appeared at the left 
wrist the day following operation. The left arm and hand were warm and sensation was 
normal continuously. 

An x-ray examination made four days postoperatively revealed a decrease in heart 
size and further decrease was noted on subsequent examinations; however, the heart re 
mained significantly enlarged. The patient did not complain of pain in the region of the 
resected clavicle or divided sternum; however, there was some weakness in the left arm 
for several weeks. After a few months spent in an ambulatory capacity at home, the 
patient returned to his former work as a porter in a cotton office. 

The patient has continued in his regular employment and his general condition was 
found to be satisfactory on examination nine months following resection of the arterio 
venous aneurysm. A roentgenogram made at this time showed bony regeneration of the 
left clavicle to be taking place. The heart was still enlarged, however. The transverse 


diameter was approximately one inch less than that shown in the earlier films. 
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SUMMARY AND CONCLUSIONS 


1. The late physiologic effects of arteriovenous aneurysm are discussed and 
demonstrated in a case which was untreated for twelve vears. 

2. The technieal considerations involved in the removal of a large arterio- 
venous aneurysm beneath the clavicle are outlined, and the operation which 
involved resection of the clavicle and opening of the mediastinum through a 
sternum-splitting incision is described. 


3. A follow-up examination of the case described, made nine months after 


operation, revealed that the heart was compensated, the function of the arm 


normal, and the patient was engaged in his former occupation. Regeneration 
of the left elaviele was found to be taking place. 
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PRACTICAL APPLICATION OF THE HEPARIN-CARONAMIDE 
REACTION TO THE POTENTIATION OF TLEPARIN 
IN GELATIN MENSTRUUM 


RoBert S. McCLeery, M.D... AND (BY INVITATION) CURTIS P. Artz, M.D., 
Np Howarp I). Strak, M.D)... CouumMBus, Outo 


(From the Department of Surgery, Ohio State University and the Surgical Service, 


Unive rsity Hospital) 


ea effect of the chemical compound, caronamide, on the renal excretion 
of penicillin has been well annotated in the recent medical literature.’ 
Caronamide (4’-carboxyphenyvlmethanesulfonanilide}. when given orally or 
intravenously with penicillin, effee¢tively reduces the renal excretion of penicillin 
and results in a two- to tenfold increase in penicillin blood levels. Since the 
work of Howell and MeDonald,'? Wilander': '? and Copley and Sehnedort' 
has demonstrated that 10 to 40 per cent of an intravenous injection of 
heparin is eliminated in the urine within one hour, we felt that it would be of 
interest to determine whether the same relationship exists between heparin and 
caronamide. We have previously reported’? our experiences with ten patients, 
and Graph I is an average of the response of these patients. 

A survey of Graph I will indicate the reaction that occurs in’ patients 
who are given a single 4 Gm. dose of caronamide orally, followed in- one- 
half hour by an intravenous injection of 25 me. of heparin. It should be 
noted that on the day the drugs are given together there is no appreciable 
rise in the coagulation response of the patients to the same dose of heparin. 
The 25 mg. of heparin alone is injected on successive days, with no further 
‘aronamide being given during the course of the experiment. There is a 
gradual increasing potentiation, reaching a peak on the third day and falling 
off more rapidly to a normal response on the fifth day. 

The main disadvantages of heparin therapy have been a necessity for its 
frequent administration and its high cost. The demonstration by Loewe! 
of the advantages of heparin in Pitkin’s menstruum has largely obviated the 
former. Heparin/gelatin® in our experience has had an equivalent effeet on 
the coagulation time. However, at the present time, heparin therapy is 
extremely costly and for this reason, if for no other, its usage is limited. 


This study was supported in part by a grant from the Comly and Coleman Fund. 


Heparin/Gelatin Menstruum was supplied by the Upjohn Company, Kalamazoo, Mich., 
and Caronamide by Sharp & Dohme, Inc., Glenolden, Pa. 


tead at the meeting of the Society of University Surgeons, New Orleans, La., Jan. 29-31, 


1948. 
*Formula: 


Heparin 200° me. Kphedrine HCl 10 meg 
Sodium ethyl mercuri Epinephrine HCl 1 mg. 
thiolsalicylate 0.1 meg. Glacial acetic acid to pH 5.6 

Gelatin 18% Double distilled 
Dextrose 8% water q.s.a.d. 1 c. 
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METHODS AND RESULTS 


Since our original experiment indicated that there was no marked pro- 
longation of the effect of a single injection of heparin, but rather a con- 
sistent enhancement of the height of response, the practical approach to 
reducing the cost seemed to be in lowering the amount and not in decreasing 
the interval between injections. We therefore studied fifteen postoperative 
patients, who were being treated prophylactically with heparin/gelatin men- 
struum. Seven patients received 400 mg. and eight were given 200 mg. every 
other day. The response of these fifteen patients to heparin and caronamide 
form the basis for this report. These results indicate that it may be possible 
to obtain the proper combination of the drugs that will reduce the cost of 


heparin therapy by 50 per cent. 
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Graph II shows the reaction of a representative patient to two combinations 
of heparin and earonamide. On the left will be noted the precaronamide 
response to 400 mg. of heparin/gelatin menstruum. At the end of the first 
48 hour period the patient was *‘sensitized’’ by the administration of 4 Gm. 
of caronamide orally followed in one-half hour by 50 me. of heparin, given 
intravenously. Immediately following this sensitization an injection of 400 
mg. of heparin/gelatin was given. The response indicates only a slight pro- 


longation of the total leneth of effect. There is, however, maintenance of the 
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coagulation time at a higher level than by the control injection. A third 
injection of heparin/gelatin menstruum given 48 hours following the single 
dose of caronamide resulted in an increased height of response when compared to 
the peak of the control injection, but also very little prolongation. 

At the right of the graph is the same patient’s response when a different 
method of administration of caronamide was followed. Starting with the first 
injection of heparin/gelatin in this experiment, caronamide was given orally, 
2 Gm. every three hours for 48 hours. It will be noted that the response is 
markedly enhanced with a maximum of 120 minutes compared to 75 minutes 
for the control injection. However, there was no prolongation of the effect. At 
the end of this 48 hour period, a second injection of heparin/gelatin did not 


produce as marked an effect as the control, but did show an appreciable pro- 


longation of the effect. The third and fourth doses demonstrated the increasing 
sensitivity that is occurring, up to the sixth day following the last dose of 
caronamide, and is manifested by a peak coagulation time of 195 minutes with 
the same amount of heparin that in the control period gave only a maximum 
of 75 minutes. 

The response to 400 me. of heparin/gelatin in seven case studies verifies 
the impression gained by the study of the caronamide-heparin reaction pre- 
viously demonstrated by the use of intravenous heparin,'* namely, that the 
height of the response was markedly increased but the effeet was not 
beneficially prolonged. With this in mind we studied next the effect of one-half 
the amount of heparin to determine whether this increased sensitivity following 
caronamide would result in raising the effect of the smaller dosage into the 
therapeutie zone. 

Graph IIT is a representative response of one of four patients given oral 
caronamide in 2 Gm. doses every three hours for 24 hours, during the first 
injection of 200 me. of heparin/gelatin. Each subsequent injection was given at 
48 hour intervals. It will be noted that the control curve in this patient was 
always below the suggested therapeutic range of 25 to 35 minutes. However, 
during the first day of combined therapy, the peak response rose to 84 
minutes, but gain was not prolonged over the control. The second injection, 
which covered the period of 24 to 72 hours after the caronamide was stopped, 
shows a marked increase in effect with a peak of 55 minutes coagulation time 
at the 12 hour sample and also a secondary rise from 32 to 44 hours following 
the injection. Hence, this injection maintained a therapeutie level for almost 
40 hours. The third injection (72 to 120 hours postearonamide) showed an 
even greater sensitivity with some prolongation over the control response. 
During the injection covering the period of 120 to 168 hours after caronamide, 
the response returned to normal. 

As demonstrated by Graph I, when caronamide was given orally in 4 Gm. 
doses followed by 25 me. of intravenous heparin, the response on that day 
was not significantly higher than the response to the heparin alone in the 
control phase. In an effort to find some other method of sensitizing patients 
with ecaronamide, 4 were injected with 3 Gm. of caronamide and 50 me, heparin, 
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both given simultaneously by the intravenous route. When the coagulation time 
had returned to normal following this method of sensitization, each of these 
patients was given the first postearonamide injection of 200) mg. ot 
heparin/gelatin. 

Graph IV is of a representative case of a group of four so treated. It 
will be noted that during the first injection after caronamide, the peak of the 
response was no higher than the control but it was markedly prolonged, 
staying in the therapeutic range for almost 48 hours, compared to 24 hours 
in the same patient during the control phase. The second postearonamide 
injection showed a similar reaction to the first. However, the third and fourth 
injections, the latter covering the period 150 to 198 hours after the single dose 
of caronamide, showed marked increase of coagulation time response to a peak 
of 65 minutes, compared to the control peak of 32 minutes. As is clearly visible, 
there is a general elevation of the terminal part of the curve following each 
of these small injections of heparin / gelatin. 

A study of Graphs TIT and IV demonstrates that administration of oral 
caronamide results in increased sensitivity in the first, second, and third 48 
hour periods; that intravenous caronamide produces potentiation of the second, 
third, and fourth injections. These responses suggest that combination of both 
methods of sensitization would be advantageous in reducing the amount of 


heparin necessary for a therapeutic course of eight days’ duration. 


DISCUSSION 


It seems clear at the present time that the practical method of reducing 
the cost of heparin therapy, by the use of caronamide, apparently does not le in 
the direction of an inereased duration of the effect of the usual dosage ot 
heparin gelatin. Marked elevation of the coagulation time above the suggested 
therapeutic level, of 30 to 40 minutes, is probably unnecessary (see Graph IT). 
In eight cases eiven one-half the usual dose, that is, 200 me. heparin/gelatin 
with vasoconstrictor, therapeutic levels were obtained in all cases for a significant 
period. However, an identical amount in the same patients, during the 
preearonamide phase, did not give a therapeutic response for any appreciable 
leneth of time. It is reasonable to suggest that this difference might be 
expected on the basis of the well-demonstrated inereased sensitivity to heparin 
of patients previously sensitized by caronamide and heparin injections. This 
potentiation of heparin has occurred in 100 per cent of cases studied.  Pre- 
sumably the heparin in gelatin menstruum is liberated at a relatively constant 
rate. It is probable, therefore, that these ordinarily subtherapeutie quantt. 
ties of heparin, liberated during the period 24 to 48 hours after injection, 
will produce a measurable increase in duration of effect. 

Theres have been no toxic¢ reactions manifested in any of the 25 instances 
in Which caronamide and heparin have been administered together. The papers 
reporting the effect of caronamide alone or with penicillin have been so 
numerous that any deleterious response to caronamide should have appeared. 


The most interesting side-effect which we have noted has been the frequent 
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occurrence of an apparently rising prothrombin level during the course of the 
therapy (see Graph IL). No satisfactory explanation for this is yet at hand. 

The data submitted suggest that the combination of both demonstrated 
methods of sensitization may result in such enhancement of heparin therapy, 
that a therapeutic response may be obtained with one-half the usual dose of 
heparin gelatin. A further test of this thesis is in progress at the present 
time and it is feasible that the cost of heparin therapy may be reduced by 
even more than 50 per cent. 


SUMMARY 


1. The heparin-caronamide enhancement of the therapeutic effectiveness of 
heparin gelatin menstruum has been demonstrated in fifteen case studies. 


2. The practical application of this reaction may be expected to reduce 


the cost of heparin therapy approximately 50 per cent. 


The authors wish to express their appreciation to Mrs. Lotti Fechheimer for her tech- 
nical assistance. 
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EXPERIENCES IN THE SURGICAL TREATMENT OF 
PULMONARY STENOSIS 


JoHN R. Patne, M.D..* Burrato, N. Y., AND RicHarp L. 
Varco, M.D..t MINNEAPOLIS, MINN. 
INTRODUCTION 

CCH more has appeared in the newspapers and magazines about the surgi- 

eal treatment of patients with pulmonary stenosis than has appeared in 
the surgical literature. For this reason we have deemed it worth while to record 
our experiences and impressions acquired during the past one and one-half 
vears in the treatment of a relatively small series of forty-three patients in whom 
a diagnosis of pulmonary stenosis was made. Thirty-nine of these patients were 
treated at the University of Minnesota Hospitals in Minneapolis, Minn., one was 
treated at the Buffalo General Hospital in Buffalo, N. Y., and three at the Chil- 
dren’s Hospital in Buffalo. 

Taussig and Blalock opened an entirely new and fascinating chapter of 
surgery in 1945. To these pioneers all honor should be given. Our own inter- 


est in the surgical treatment of pulmonary stenosis derives directly from their 


paper published in 1945.’ In the first fifteen cases of the present series, the 


technique of vascular anastomosis emploved by Blalock at the Johns Hopkins 
Hospital was followed as closely as possible.) ° In the remaining cases, certain 
minor changes in technique were made as seemed desirable. By fortuitous ¢ir- 
cumstances, a Millikan oximeter was available for use in the treatment of many 
of our cases. A report of this experience has already been made by CGullickson 
and Tammond.* 

REPORT OF CASES 

In Table I, some of the pertinent data on each patient has been tabulated 
for the sake of comparison. Forty-five operations were performed on forty-three 
patients. Twenty-one of these patients were males and twenty-two were females. 
The oldest patient was 24 vears and the voungest was 18 months. Only three 
¢hildren under 3 Vears ot age were accepted for operation. The average age 
Was 5 vears., 

A preoperative diagnosis of tetralogy of Fallot was made in each ease only 
after careful study by a group of doctors whieh included a cardiologist, a pedia- 
trician, a roentgenologist, and a surgeon. No unusual diagnostic methods were 
used. Those lesions identified with the tetralogy of Fallot are shown in Fig, 3. 
Cardiac catheterization and eardioangiography were not employed. In any case 
in which the diagnosis seemed questionable, the pressure in the pulmonary 
artery was measured at the time of operation by means of a water manometer 
filled with 24% per cent sodium citrate solution. In no case, however, was a 

Supported by a grant from the Graduate School of the University of Minnesota. 
cece Read at the meeting of the Society of University Surgeons, New Orleans, La., Jan. 29-31, 

*From the Department of Surgery, University of Buffalo. 


fFrom the Department of Surgery, University of Minnesota. 
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Fig. 1.—Oximeter tracing obtained during surgery in one case, 1, Van Slyke oxygen 
saturation, 38.2 per cent: 2, induction of anesthesia: 3, chest opened; 4, anesthesin oxygen 
per cent increased: 5, left subclavian artery clamped; 6, anesthesia oxygen per cent” in- 


creased; 7, pulmonary artery clamped: 8, anesthesia oxygen per cent increased: 9%, anastomosis 
completed; 16, artery clamps released 17, chest closed; /2, chest reopened: 7/3, anastomosis 
probed; 74, chest closed: /o, anesthesia stopped; /6, oximetry discontinued. 
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Fig. 2.—Oximeter tracing obtained during surgery in one case. 1, Van Slyke oxygen 
saturation, 45.5 per cent 2, induction of anesthesia; 3, skin incision; 4, pleura opened; 4, in- 
nominate artery clamped; 6, pulmonary artery clamped; 7, anastomosis completed; 8, artery 
clamps released 9, pleura closed: /0, skin closed; 77, anesthesia stopped; 7/2, peripheral col- 


lapse; 13, fluids and oxygen started 14, oximetry discontinued 
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Fig. 3. Diagram of the pulmonary stenosis, interventricular septal defect, dextroposi- 
tion of the aorta (overriding), and right ventricular hypertrophy found in the tetralogy of 
Fallot. (From Gladys Benz, Pediatric Nursing, 1948, The C. V. Mosby Company. ) 
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pressure measured which was interpreted as contraindicating the construction 
of a vaseular shunt. The pulmonary arterial pressure was determined in twenty- 
eight cases. The lowest pressure measured was 6 em. of water and the highest 
was 35 em. of water. The majority of pressure recordings varied between 15 
and 25 em. of water, but one of the best clinical results obtained was in a 6-yvear- 
old Canadian girl who had a pressure of 35 em. of water in the left pulmonary 
artery. 

The aorta was found to areh to the right in nine patients and to the lett 
in thirty-four patients. 


Operative Procedures Employed —In four cases the mediastinum was ex- 
plored but no systemie artery found on the exposed side which was suitable for 
anastomosis with the pulmonary artery. Two of these patients were operated 
upon a second time after an interval of several months and a successful anas- 
tomosis was completed, through the opposite thoracie cavity. 

The common carotid artery was not employed in any ease for the construe- 
tion of a vascular shunt. The innominate artery was employed three times im 
the construction of an end-to-side anastomosis with the left or right pulmonary 
artery. 

The subelavian artery was anastomosed to either the right or left pulmonary 
artery thirty-seven times. In thirty-five instances an end-to-side type of anas- 
tomosis was constructed and in two instances the subclavian artery was joined 
to the proximal end of the severed uppermost branch of one of the pulmonary 


arteries. 


Results of Ope ration.—Six ot the forty-three patients died. Five of these 
patients died in the hospital and one six weeks after leaving the hospital. The 
hospital mortality was 12 per cent and the total mortality was 14 per cent. 

Of the thirty-seven patients who survived operation, thirty-six had a vas- 
cular shunt completed. The results in four of these cases were unsatisfactory. 
There was no improvement noted in their appearance, their physical capabilities 
were unchanged, and the per cent of oxygen saturation of the arterial blood as 
well as the polvevthemia remained relatively unchanged. The lack of improve- 
ment in these patients has been assumed to be due to the formation of a thrombus 
at the site of the anastomosis in three instances and at the site of the clamp ap- 
plied to the subelavian artery in the fourth case. 

The remaining thirty patients (72 per cent of the total number) have been 


improved to a varving degree. In most instances the degree of improvement has 


TABLE [] 


rYPES OF OPERATIONS PERFORMED NUMBER DEATHS 

Exploration of mediastinum only 
End-to-side anastomosis of innominate 

artery to a pulmonary artery 
End-to-side anastomosis of a subclavian 

artery to a pulmonary artery 
End-to-end anastomosis of a subelavian 

artery to a branch of a pulmonary artery 

Total 
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heen striking. The most notable changes have been a decrease in the eyanosis 





and polyvevthemia and an increase in the oxygen saturation of the arterial blood 





associated with increased physieal endurance. 





The percentage of saturation of the arterial blood with oxygen was meas- 





ured before and after operation in thirty-two patients. The postoperative 





measurements were in most cases taken at least ten days after operation. In 





three of these cases unsatisfactory clinical results were thought to have been 





obtained, and there was practically no change in the oxvgen saturation of the 





arterial blood. In the twenty-nine patients in whom the clinical improvement 





was considered to have been satisfactory, the percentage of oxygen saturation of 





the arterial blood was increased after operation except in three instances (M. M., 
No. 779025; J. P., No. 770458; E. K. No, 782359). Two of these patients actually 


showed a postoperative value lower than the preoperative value, vet clinically 






the condition of each seemed to have been definitely improved by the operation. 





This occasional lack of correlation between the change in arterial oxygen 





saturation and the elinieal improvement of the patient subsequent to operation 





has been puzzling. In such cases one is invariably tempted to discount the ae- 





curacy of the blood gas determination or to feel that basal conditions did not 





obtain at the time the blood samples were taken, despite an attempt at estab- 





lishing a basal state by means of heavy barbiturate sedation. However, the pos- 





sibility remains that another factor such as the size of the interventricular septal 





defeet, the position and inclination of the septal deflection, or another cardiae 





abnormality may be influencing the result. 





The average inerease in the oxygen saturation of the arterial blood in those 





patients clinically improved by the operation was 15 per cent. The greatest 





Increases noted were 38 per cent and 43.6 per cent. In both of these eases the 





subelavian artery was employed for the anastomosis, 













TABLE III. RESULTS AND MORTALITY 












Total patients 13 

Total operations performed 15 

A, Vascular anastomoses completed 10) 
Patients improved 31 
Patients unimproved 5 
Died } 

B. Thoracotomies with exploration 5 

of mediastinum only 

Died 2 
Patients improved 72% 
Patients unimproved 14% 
Patients died 14% 









Postoperative Complications.—The most common postoperative complication 
encountered was pleural effusion. A certain amount of effusion was present in 
almost every case. In twenty-four patients the effusion was of sufficient amount 





to be of clinical significance and worthy of some concern. Eight patients had 





one or more aspirations of pleural fluid because of dyspnea. No patient de- 





veloped empyema but all were given 20,000 to 50,000 units of penicillin intra- 





museularly every three hours for one week after operation as prophylaxis against 





infection. 









































































SURGERY 


Three patients developed a chy lothorax in the postoperative period, These 
patients all responded to repeated thoracentesis with the injury of the Lymphatic 
duct healing spontaneously. Chyle ceased to accumulate in one patient (AM. J.C. 
No. 771665) after ten days, in a second patient (B. K., No. 779013) after 
twenty-four days, and in the third patient (J. A. T., No. 781182) after four- 
teen days. 

Five patients exhibited varying degrees of a Horner’s syndrome after 
operation. This was invariably on the same side as that of the thoracotomy. 
In all such patients this was a transient paresis or paralysis and gradually dis- 
appeared after a few days or shortly after discharge from the hospital. 

Diffuse brain damage due to inadequate oxygenation during operation o¢ 
curred in three patients. In two instances consciousness was never regained 
after operation and death occurred on the third postoperative day. The third 
patient was lethargic for four days after operation, but recovered completely 
with a very satisfactory clinical result. 

Many of the patients in this series have exhibited a slight merease in the 
size of the heart after operation. This was noted in the first patient operated 
upon and, together with other signs which were considered to be indicative of a 
mild eardiae decompensation, occasioned the administration of digitalis for a few 
days. With increased experience, less attention has been paid to minor degrees 
of eardiae enlargement. No instances of definite eardiae decompensation have 
been observed. 

Gangrene of the right hand after division of the right subelavian artery oe- 
curred in one patient. This patient was an 18-month-old gir] in a desperate con- 
dition. The preoperative oxygen saturation of the arterial blood was 15.4 per 
eent. She had been intensely eyanotic ever since birth and had experienced 
several convulsive attacks. There was a partial atrophy or hypoplasia of the 
entire right side of the hody. No pulse could be detected at the right wrist. 
The aortie arch was to the left. The use of the right subclavian artery instead 
of the left in the construction of the arterial shunt was probably an error of 
judgment. No other examples of circulatory insufficiency have been observed 
in the thirty-seven patients in whom a subclavian artery was divided. In pa- 
tient S. C. (No. 772222), both subclavian arteries were divided without com- 
promising the viability or function of either arm. 

The remaining postoperative complications which were observed occurred 


as isolated instances, and require no special comment. 


Causes of Death—Five of the six deaths occurred in the first eleven pa 
tients who were operated upon. Some such proportion as this might well be 
expected by any surgeon who assays to embark on such a new and treacherous 
field as that provided by the patient with pulmonary stenosis. Each of these 
deaths taught important lessons, but the price of experience in this field is high. 

Two deaths can be directly attributed to increased relative anoxemia of the 
brain during the period of anesthesia and operation which was prolonged in both 
eases. Cyelopropane and oxygen administration through an intratracheal tube 


was the anesthetic technique emploved. Neither of these patients regained con- 
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sciousness after completion of the operation, and both died approximately three 
days after operation. One patient, a 7-year-old boy with a preoperative arterial 
oxygen saturation of 48.9 per cent, had the innominate artery anastomosed to 
the right pulmonary artery. Technically this appeared to be a very satisfactory 
operation and most of the preoperative cyanosis disappeared within a few hours 
after operation. Consciousness was not regained, however, and after twelve 
hours respiratory paralysis developed. The patient was placed in a Drinker 
respirator where he remained until death. Marked liquefaction of the entire 
brain was found at post-mortem. The other patient was an 18-month-old girl 
with an arterial oxygen saturation of 15.4 per cent. She had had several convul- 
sions, and there was a hypoplasia of the right half of the body. The right radial 
pulse was not perceptible. At operation the right subelavian artery was anas- 
tomosed to the right pulmonary artery. The use of the right subclavian artery 
in this particular patient was unwise, Inasmuch as it was known prior to opera- 
tion that the right side of the body was underdeveloped. Consciousness was 
never regained following operation, and at death there was gangrene of the 
right hand. 

Two patients died of cardiac standstill during operation. One of these, a 
vitl aged 8 vears, with an arterial oxygen saturation of 24.5 per cent, experienced 
two episodes of slowing and weakening of the heartbeat during the dissection 
of the right pulmonary artery. The injection of 1 per cent Novocain into the 
vagus nerve and around the hilus of the lung as well as the intravenous adminis- 
tration of atropine sulfate failed to prevent a third and fatal episode of the 
same kind which occurred during the anastomosis of the right subelavian artery 
to the right pulmonary artery. The other patient was a boy 18 months old 
whose heart suddenly ceased to beat shortly after the left side of the chest was 
opened and immediately after the dissection of the pulmonary artery was begun. 

The remaining hospital death occurred in an $-year-old boy, four days 
after the right side of the chest was explored and the subelavian artery found 
to be too short for an anastomosis. It was planned to explore the left side later 
hut a massive pleural effusion developed in the right side of the chest. When 
this was aspirated on the fourth postoperative day, the patient suddenly died 
after 20 ¢.¢. of fluid had been withdrawn. 

The sixth death oceurred in a 10-year-old girl in whom the left subelavian 
artery was anastomosed to the left pulmonary artery. The immediate response 
to operation was excellent and she left the hospital on the sixteenth postopera- 
tive day much improved in color and in tolerance of physical exercise. About 
six weeks later, while attending the movies, she suddenly became nauseated, 
coughed up a large quantity of blood, and died within a few minutes. Post- 
mortem examination revealed a false aneurysm between the left pulmonary 
artery and the left main bronchus. In the aneurysmal cavity a small cotton 
pledget was found which had been placed beneath the pulmonary artery during 


the operation to control some bleeding from a small adventitious vessel, 
DISCUSSION 


The unusual importance of experience in the management of patients with 


pulmonary stenosis became evident to us after the first tew patients were oper- 
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ated upon. As soon as possible, therefore, a ‘*team,’’ consisting of a eardiolo- 
gist, a pediatrician, a roentgenologist, an anesthetist, and two surgeons, was 
organized to handle these patients. Some sueh team arrangement, in our 
opinion, is essential if the best results are to be obtained and the mortality kept 
toaminimum, This conclusion seems to be justified by the fact that no patient 
has been subjected to operation unnecessarily beeause of a wrong diagnosis. 
Furthermore, only one patient in the last thirty-two patients of the series has 
died during operation or afterward. This is in marked contrast to the five 


patients who died in the first eleven cases. 


Approach and Choice of Vessel.—Blalock has recommended that the anas- 
tomosis between the systemic artery and the pulmonary artery be performed on 
the side opposite to that of the descending aorta. In our first cases this practice 
was followed closely. The advantage of the exposure thus obtained is that it 
gives the operator the choice of using either the innominate or the subclavian 
artery for the anastomosis. The choice of size of vessel is thereby afforded. 
Furthermore, in those eases in which the subclavian artery is employed, the 
kinking produced at its origin from the innominate artery is usually less than 
that produced on the opposite side of the chest at the origin of the subclavian 


artery from the aorta. 


TABLE LV, CAUSES OF DEATH IN SIX PATIENTS 


CAUSE NUMBER 
Cardiac standstill during operation 2 
Result of partial anoxia during operation 2 
‘* Pleural shock’? during thoracentesis l 
Hemorrhage from arteriobronehial fistula l 


On the other hand, certain disadvantages pertain to the choice of approach 
which Blalock’s recommendations demand. Since only about one out of five 
patients with pulmonary stenosis have aortas with right arches, the operator 
usually finds himself working in the right side of the chest. The arterial 
anastomosis which must be performed in the right side of the chest is more 
difficult to execute, more time consuming and, in our opinion, more dangerous 
than the operation performed in the left side of the chest. The right pulmonary 
artery lies closely attached to the undersurface of the terminal portion of the 
superior vena cava, and to gain adequate exposure of a sufficient length of the 
pulmonary artery to perform an anastomosis, the superior vena cava must be so 
distorted and displaced that the return flow of blood to the heart is often un- 
avoidably impeded. Furthermore, the considerable amount of traction whieh 
must at times be exerted on the right pulmonary artery in its dissection and 
positioning for the anastomosis may interfere with eardiae function. Strong 
traction on the right pulmonary artery of patient A. G, (No. 764845) produeed 
three episodes of slowing of the heart rate and weakening of the heartbeat with 
simultaneous cardiae dilatation. Death occurred during the third episode at a 
time when the traction could not be released. 

















PAINE AND VARCO: SURGICAL TREATMENT OF PULMONARY STENOSIS 365 


In addition to the foregoing, Blalock’s experience has indicated that the 
mortality in cases in which the innominate artery was employed was about 30 
per cent, as compared to about 10 per cent in those cases in which the sub- 
clavian artery was employed. 

For these reasons, and beeause it was felt that most eases did not require 
the large shunt provided by an anastomosis of the innominate artery to the 
pulmonary artery, we arbitrarily decided that all cases in whieh the preoperative 
arterial oxygen saturation was over 50 per cent would be approached through 
the left side of the chest, and the subelavian artery used no matter whether the 
aortic arch was to the right or to the left. In accordance with this idea, thirty 
of the last thirty-one patients have been operated upon through the left side of 
the chest. So far nothing has occurred to indicate that this is not a good rule. 
There have been instanees in which the available subclavian artery was ex- 
tremely short. In three cases the artery was too short for any anastomosis and 
an operation on the other side of the chest was therefore necessary. In a few 
other cases the artery was so short that extreme kinking at the origin of the 
subclavian artery from the aorta was present when the anastomosis was com- 
pleted. This kinking was minimized as much as possible by meticulous dis- 
section of the subelavian artery from all its surrounding tissues down to the 
arch of the aorta, and by actually freeing the posterior, superior, and Jateral 
aspects of the arch of the aorta from fascial attachments. This kinking has 
never interfered with the establishment of an effective shunt nor has it been 
recognized as the cause of thrombosis. 

Experience is insufficient at the present time to say with certainty prior 
to operation which patients require the flood of blood which the innominate 
artery can pour into the pulmonary cireuit, and which patients will receive 
sufficient improvement from the use of the subelavian artery. It seems only 
logical to assume, however, that those patients with extremely low arterial 
oxygen saturations should be the ones in whom the surgeon is justified in em- 
ploying the larger artery with its higher mortality. Further evidenee which 
suggests that the use of the innominate artery may perhaps only rarely be 
justified is the fact that, in this series, the two patients showing the greatest 
increase in the arterial oxygen saturation incident to the vascular anastomosis 
were patients in whom the subclavian artery rather than the innominate was 
used. The possibility of performing two operations employing both sub- 
clavians should not be overlooked if the improvement experienced atter the first 
operation is not considered sufficient. The present series contains no example 
of this but in S. C. (No. 772222) both subelavians were ligated and divided, 
although only one was used for an anastomosis. The nutrition and function of 
both arms have been unimpaired. 

Only a small experience is necessary to learn that there is a marked varia- 
tion in the relationship between the structures in the superior mediastinum and 
the intercostal spaces of the anterior chest wall. In most instances an imeision 
through the third intercostal space anteriorly with division of the third costal 
cartilage gives ample direct exposure at the level desired. In those patients 


approaching, or at, puberty in which skeletal growth has been rapid, however, 
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better exposure may be obtained by placing the incision in the second interspace. 
The decision as to where the incision should be placed is best made after study 


of an anteroposterior roentgenogram of the chest centered over the third rib 





anteriorly. 





Technique.—The dissection and exposure of the pulmonary artery can be 





greatly facilitated and accomplished with practically no blood loss if the oper- 





ator is careful to define and penetrate first a closely but loosely attached fascial 





sheath external to which lie all the subpleural collateral vessels. In many cases 





of pulmonary stenosis, these vessels over the hilus of the lung are engorged and 





enlarged so that in some instances the appearance of a hemangioma is closely 





simulated. 








Time spent in meticulously cleaning off all the areolar adventitious tissue 








from the cut end of the systemie artery chosen for anastomosis is well worth 





while. If this is not done, strands of the tissue adhere to the anastomotic suture 





and are herniated through the needle holes into the lumen of the artery. A less 





diligent excision of adventitious tissue has been employed in’ preparing the 





pulmonary artery at the site chosen for anastomosis because of the thinness of 





the wall of this blood vessel. 





The incision into the lumen of the pulmonary artery as Blalock has indi- 
cated should always be made transversely to the axis of the artery. In our 





experience, a better anastomosis results if the incision is placed definitely on the 





cephalad surface of the vessel. For this purpose a sharp dissection scissors 





with small blades has been found best. If an opening is made first which ap- 





pears to be smaller than is actually needed and the posterior row of the anas- 





fomosis put in, the operator often finds that the small opening, through traction 





and manipulation, has increased to an adequate size. If this is not the ease, 





the opening can easily be enlarged during the formation of the anterior row of 





the anastomosis by an additional small snip of the scissors. Unless great care is 





taken, there is much more likelihood of making the initial opening in the pul- 





monary artery too large rather than too small. 





The principles developed and recommended by Blalock for the technical 





construction of the anastomosis were followed with only minor variations.  [thi- 





con silk sutures 00000 or OOOOOO, double armed with three-eighths curved Kalt 





needles proved very satisfactory. .A continuous everting mattress suture was 






employed in most cases for the entire anastomosis. In a few patients, however, 
the anterior row was completed with an over and over whipping stitch. The 
| operator must constantly guard against puckering of the wall of the systemic 





artery and the resulting formation of a constricted stoma. This is best 





avoided by placing the posterior row of the suture loosely before pulling it up 





and approximating the two blood vessels. Separate interrupted sutures should 





then be placed and tied at either end of the posterior row. Gentle traction on 





these stay sutures while the anterior row is being completed will ensure a wide 





stoma. 






Most of the anastomoses leaked a few cubie centimeters of blood when the 


clamps were removed, Usually this ceased within a minute or two if slight 
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pressure with a sponge or eottonoid pledget was made over the suture line. 
Persisting leakage was controlled with an additional interrupted suture or two. 
Fortunately we have never had to contend with leakage from the posterior side 
of the anastomosis. The clamps on the pulmonary artery should be removed 
first and then after two or three minutes the clamp on the systemie artery. 

Anesthesia.—The importance of an excellently administered anesthetic for 
the successful surgical treatment of a patient with pulmonary stenosis cannot 
he overestimated. The two things to be feared most from the anesthetie stand- 
point are (1) that the patient will not receive sufficient oxygen during the 
operation, thus causing immediate death or permanent brain damage, and (2) 
eardiae arrhythmia or eardiae standstill. It is not meant to imply that either 
of these things is entirely within the control of the anesthetist. The surgeon 
must also bear his share of the responsibility, but a major portion of the anes- 
thetist’s attention must be centered on these points. Only by close, harmonious 
teamwork between surgeons and anesthetist can the best results be obtained. 

The necessity of maintaining an open airway at all times dictates the 
routine use of a properly fitting intratracheal tube. In the larger children, 
tubes with a surrounding balloon cuff ean be safely used, but in smaller children 
and especially in those patients under 4 vears of age, we have felt that a plain 
tube without distensible cuff was less apt to damage the mueosa of the larynx 
and produce postoperative edema. 

To insure that the patient receives the maximum amount of oxygen during 
the operation, the anesthetist should not allow, or the surgeon demand, that the 
lung in the pleural cavity through which the operation is performed be com- 
pletely collapsed at any time. If 10 to 12 em. of water pressure are maintained 
in the trachea by the anesthetist, the lung will remain inflated except for a small 
portion of the upper lobe which, by necessity, will be compressed by the surgeons. 
In our opinion, the normal situation should be that the surgeon is continually 
‘‘fieohting the lung.’’ This is not difficult, since once the chest is opened, the 
exposure required for the remainder of the operation is not great. 

The first patients in this series were operated upon with eyelopropane as 
the anesthetie agent. With this gas, the patient can be given 90 per cent oxygen 
and in some cases it seemed the ideal anesthetie agent. However, in those 
patients who develop eardiae irregularities, one hesitates to continue the admin- 
istration of evelopropane and wonders whether or not certain effects of the gas 
may not have produced the irregularities. For this reason, a mixture of Pen- 
tothal and curare in the proportion of 25 me. of pentothal and 5 units of tubo 
eurarine per cubie centimeter (Baird’s solution) injected by vein while 100 
per cent oxygen was administered through the intratracheal tube has been 
employed, with increasing frequeney.’ Expertly given, this combination seems 
to be the best. 

A few patients apparently will die from cardiae failure during the opera- 
tion, no matter what precautions are used to prevent it. Several of our patients 
developed irregularities of heart rate and in two instances death resulted. One 
possible cause for these occurrences would seem to be neurogenie reflexes initi- 
ated by operative trauma about the hilus of the lung and the areh of the aorta. 
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Inasmuch as some of the instances of arrhythmia we observed were accompanied 
by a slowing and dilatation of the heart, it was concluded tentatively that vagal 
reflexes were probably of signifieance. Therefore, we have made a point of 
injecting the trunk of the vagus nerve with 1 per cent Novoeain solution as 
soon as it eould he exposed just above the hilus ot the lune or helow the areh 
of the aorta. This has seemed definitely to minimize irregularities in the heart 
rate. Intravenous injections of atropine sulfate in relatively large doses during 
operations have been tried but not with as much effect as the actual blocking 
of the vagus nerve with Novoeain. 

Psychometric Observations.—Fitteen patients were tested psychometrically.* 
It was felt that the improved oxygenation of the brain after a suecesstul opera- 
tion might be reflected by an improvement in the intelligence of the child. The 
period of time since operation is too short to permit a final evaluation of this 
possibility, but observations up to the present indicate that little if any changes 
occur. Many children in the group that was examined had above average in- 
telligence quotients prior to operation. A child with pulmonary stenosis often 
presents a behavior problem whieh the parents have been reluctant to try to 
correct, since disciplinary measures frequently provoked erving or tantrums, 
which increased the evanosis. In addition, these children after a prolonged 
period of limited physieal activity are inclined to be withdrawn and unfamiliar 
with group activities. These peculiarities of behavior have invariably largely 
disappeared soon after operation if a good result was obtained. 

The Eisenmenger Compler.—One patient, 38 vears old, not included in the 
present series, was operated upon. In this patient the presence of an Eisen- 
inenger complex was strongly suspected. Operation was finally agreed to upon 
the patient’s own insistence and because, in our minds, the presence of a pul- 
monaryv stenosis could not be entirely exeluded. 

This patient had been evanotice since birth and had always noted moderate 
dyspnea on mild physical exertion but had been able to work steadily during 
World War IT as an electrician in a shipyard. 

Physical examination revealed marked evanosis at rest, with definite elub- 
bing of the fingers and toes, The heart was considerably enlarged. No murmur 
could be heard. Blood pressure was 160/135. Roentgenologie studies revealed 
enlargement of both ventricles and the pulmonary conus. Vascular markines 
were increased in both lung fields. The hilus of the right lune showed no pul- 
sation, but definite pulsation was seen at the hilus of the left lune. The elee- 
troecardiograph showed a right axis deviation. Blood studies revealed the fol- 
lowing: hematoerit, 77 per cent; hemoglobin, 20.2 Gm.; red blood cells, 10,200.- 
000; oxvgen saturation of arterial blood, 62.5 per cent; oxvgen content, 17.9; 
oxygen capacity, 28.6. 

Exploration was made through the left side of the chest. There were an 
unusual number of collateral blood vessels coursing into the lune beneath the 
pleural reflexion at the hilus. When exposed, the left pulmonary artery meas- 


ured one inch in diameter. It was thick walled and had the e@ross appearance 








*By Miss Audrey Arkola of th Child Guidance Clinic of the University of Minnesota 
Hospitals. 
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of the aorta. A needle attached to a water type manometer capable of measur- 
ing pressures up to 50 em. of water was inserted into a branch of this huge 
vessel. The pressure within could not be measured, however, since the fluid in 
the manometer was immediately shot out at the top. This appeared to confirm 
our preoperative impression that this patient had an Eisenmenger complex. 

The chest was closed and the patient was returned to his room in good 
condition. Two hours after operation, as the nurses were turning the patient 
in bed, he suddenly gasped and died within a few seconds. 

At autopsy the typieal findings of the Kisenmenger complex were demon- 
strated. There was no pulmonary stenosis, but rather a tremendous dilatation 
of the pulmonary artery and its branches. The walls of all these vessels were 
increased in thickness comparable to svstemie arteries. The pulmonary artery 
measured 10.5 em. in circumference at autopsy, The right pulmonary artery 
was almost occluded by an old organized thrombus and the left was partially 
occluded by a recent ante-mortem thrombus which was thought to be an embolus. 


The origin of the embolus was not determined. 


SUMMARY 


The results obtained in the surgical treatment of forty-three patients with 
pulmonary stenosis are reported. Six patients died, five during operation or 
in the immediate postoperative period, and one six weeks after discharge from 
the hospital. The causes of death are discussed. An anastomosis was made 
hetween the innominate artery and a pulmonary artery in three instances and 
hetween a subclavian artery and a pulmonary artery in thirty-seven instances. 
No improvement was observed in four patients following operation, due to the 
formation of thrombi at or adjacent to the vascular anastomosis. The most fre- 
quent postoperative compleations were (1) pleural effusion, (2) chylothorax, 
and (3) brain damage from relative anoxemia. The method of approaeh and 
choice of the systemie vessel to be used for the anastomosis are discussed. In 
our opinion, most cases are best treated by making an anastomosis between the 
left subelavian artery and the left pulmonary artery. Certain aspects of opera- 
tive technique and anesthesia are discussed. Experience with one patient having 
the Kisenmenger complex is related. 


CONCLUSIONS 


1. The surgical treatment of patients with pulmonary stenosis gives the 
best results if the care of these patients is supervised by a ‘‘team’’ of doctors 
especially interested in the problem. 


) 


2. An anastomosis between pulmonary artery and the innominate or 


a 
(2 


subelavian artery should benefit per cent or more of such patients. The 
mortality of such an operation should be 14 per cent or less. 

3. In all patients in whom the preoperative arterial oxvgen saturation is 
over 90 per cent the approach should be through the left side of the chest and 
the subelavian artery should be used for the anastomosis, whether the aorta 


arches to the right or to the left. 
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4. The intravenous injection of a mixture of pentothal and curare in the 
proportion of 25 me. of pentothal to 5D units of tubocurarine per cuble centimeter 
( Baird’s solution) is the best type of anesthesia. 

5. Cardiae irregularities during operation are decreased if the vagus nerve 


is blocked with Novoeain as soon as possible after the chest is opened. 
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PULMONARY DECORTICATION IN THE TREATMENT OF 
KARLY PYOGENIC EMPYEMA 


‘ 


Epwarp EF, Parker, M.D., CHARLESTON, S. C., AND (BY INVITATION ) 
Thomas H. Burrorp, M.D., Sr. Louis, Mo. 


(From the Departments of Surgery of the Medical College of the State of South Carolina 


and of Washington University, St. Louis) 


IK purpose of this article is to present the rationale for the use of pul- 

monary decortication in the treatment of selected cases of early empvema, 
and to cite the results obtained in a small series of five cases so treated. 

After our experience with the use of pulmonary decortication in cases of 
massive early empyema complicating hemothorax following penetrating and 
perforating wounds of the thorax,'’ we became interested in the feasibility of 
its successful application to cases of early empyema unassociated with intra- 
thoracic wounds. 

On reviewing the literature, it is found that, since DeLorme* and Fowler 
first performed decortication of the lung for chronic empyema, the use of the 
operation has been limited almost entirely to the treatment of the disease in its 
late phase. On reviewing thirteen of the most commonly used textbooks of 
modern surgery and operative technique,"'* its possible successful use in the 
treatment of acute empyema is not mentioned. However, Lilienthal,'’ for the 
first time in 1915, advocated its use in selected cases, and did what he ealled a 
“major thoracotomy’? (mobilization of the lung) as the primary operation in 
patients not too desperately ill. In others, the major thoracotomy was deferred 
until after drainage was instituted for immediate relief. In a series of twenty- 
three cases, the results were most encouraging. Although the mortality was 


17 per cent, he was convineed of the soundness of the idea of mobilizing the 


lune early, and thereby obviating the possible need for subsequent thoraco- 


plasties for chronicity. Since that time, the subjeet has been given seant 
attention. 
PATHOLOGY 


The rationale of the operation is based on the pathologic changes in the 
pleural cavity, and on the presence of a normally expansible Jung, or one that 
can be made so. 

The essential pathology of empyema may be summarized briefly. In addi- 
tion to the presence of pus in the pleural cavity, there are six features of major 
significance. 

1. There is a deposition of fibrin on the pleural surfaces in contaet with 
he fluid, early in the course of the disease. 

2. Frequently the patehes of fibrin soon coalesce to form a continuous 
sheet, also continuous at the sites of reflection from one pleural surface onto 


inother, so that the empyema becomes encapsulated. 


Read at the meeting of the Society of University Surgeons, New Orleans, La., Jan. 
9-31, 1948. 
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3. The capsule of fibrin begins to be organized early in the course of the 







disease, 






4. That portion of the capsule which overlies the visceral pleura may pre- 





vent or markedly retard expansion of the lung. 






». In the early stages of the disease, there exists a line of cleavage between 





the eapsule and the pleura. 





6. While there exists a line of cleavage between the organizine fibrinous 






eapsule of the empyema and the pleura on whieh it Hes, the pleura remains 






erossly normal and does not become ** thickened.” 










On reviewing nine of the most commonly used textbooks on pathology,?""*> 
the last two points cited are not mentioned. On reviewing the thirteen text- 






hooks of surgery and operative technique mentioned previously, the last two 






points cited are also not mentioned. Their recognition is only implied in two 





hooks,”: ** one of whieh refers to Hedblom’s statement?’ that in ehronie empyema 






there is a fibrous membrane over (italics ours) the pleura, fixing the lune in a 






partially collapsed condition. 






Obviously, to decorticate the lung successfully, the last two features of the 






pathology of empyema must be true. The existence of the line of cleavage is 






mandatory. When a line of cleavage no longer exists, the empyema has ceased 






to be early, and has become late or chronic in the true pathologie sense of the 





term. In the writings on the operation of decortication, the use of the word 






is deprecated by many authors, and instead the term visceral pleurectomy is 





substituted. Actually, in performing decortication for early empyema, the use 






of the word is exactly descriptive. It is only in the pathologieally late cases, 






where the capsule has become fused with the visceral pleura in the process of 






organization, that it is necessary to perform a visceral pleurectomy in order to 






obtain expansion of the lung. 






That the pleura is grossly normal rather than ‘‘thickened’’ or fibrotie after 






pulmonary decortication for early empyema, we have seen repeatedly at opera- 





tion. That this condition must be present in order to obtain immediate normal 






pulmonary expansion is obvious. Otherwise, a fibrotic visceral pleura would 






restrict expansion of the lung. 





However, these two conditions, the existence of a line of cleavage and the 





existence of a normal visceral pleura beneath the organizing capsule after its 





removal, are only two of the three conditions which must hold in order to justify 





decortication. The third eondition which must be present is a normally ex- 






pansile lung beneath. It is apparent that the lung must be solely atelectatic 






and capable of expansion. Or if not so, it must not be altered in structure so 






extensively that one cannot make it capable of expansion. To accomplish this 






may require the excision and suture of a bronehopleural fistula, or even of a 





small June abscess. It cannot be accomplished when interlobular fibrosis has 






oceurred. 






DISCUSSION 







In the treatment of empyema, the problem is largely that of dead space 





existing in the pleural cavity. It should be needless to say that obliteration o! 
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this dead space is mandatory in order to cure the empyema. It follows that 
the purpose of decortication in the treatment of early empyema is the rapid 
obliteration of the dead space by obtaining at operation immediate complete 
pulmonary expansion. Operating in the presence of gross pus, even though 
hacteriologicaily sterile in some cases, the empyema is almost certain to reeur 
if any dead space remains postoperatively. 

The indication for the use of pulmonary decortieation without preliminary 
drainage in the treatment of early empyema is considered to be the presence 
of a cavity of massive size, particularly if the collapse of the lune involves the 
apex. A cavity of massive size is defined as one involving a 50 per cent or 
ereater degree of collapse of the lune. 

In the presence of a cavity of such size, provided the patient is not too 
sick to withstand the operation, and provided that there is reason to believe the 
atelectatic lung secondarily collapsed by the empyema has returned to normal 
otherwise and therefore has regained normal expansibility or that its expansi- 
bility can be restored at operation, we believe that pulmonary decortication 
without) preliminary drainage (primary decortieation) may be the treatment 
of choice for the following reasons : 

1. To render negligible or lessen the duration of pleural suppura- 
tion 

2. To restore the function of the lune 

3. To obviate the possibility of the development of late empyema 


In evaluating the severity of the svystemie reaction of the patient to the 


acute pleural infection, the degree of fever manifested is, of course, a valuable 


eriterion. However, it is of lesser importance than the general appearance of 
the patient, the alertness, the appetite, and the response to transfusions. Fever 
preoperatively as high as 102.0 or 103.0° I. daily is not considered a contrain- 
di¢ation, if the patient does not appear too toxie. 

Even so, there are patients in whom primary decortication would be 
indicated on the basis of the size of the cavity, but upon whom the operation 
is not feasible because of the severity of the illness. If after treatment of 
such cases by adequate rib resection drainage, the lung fails to show satis- 
factory and progressive expansion and therefore diminution in the size of the 
empyema cavity at the end of four weeks, decortication of the lung is con- 
sidered indicated, while the empyema is still early. A deeortication thus 
performed in the presence of adequate drainage is hereinafter referred to as 
a secondary decortication, Secondary decortication is considered indicated 
in such cases for the same reasons as those enumerated under the aims of 
primary deceortication, This reasoning is based upon the fact that in our 
experience, if the lung is going to expand satisfactorily after adequate rib 
resection drainage so that it appears that the empyema cavity will be oblit- 
erated or reduced to a minimum in size within six weeks, it will show such 
expansion within the first four weeks after adequate drainage in the ereat 


Majority of cases. 




















SURGERY 


Except in the first of the five cases reported here, decortication of the 
lung has not been undertaken by us in the treatment of early empyema with 


cavities involving less than a 50 per cent collapse of the lung, especially those 


primarily basal in location, for technical reasons. In performing decortica- 


tion, it is important that all lobes be freed entirely cireumferentially. In 
our experience, including the operations for empyema following intrathoracic 
wounds, and for clotted hemothorax without empyema*®* it has been rare 
indeed that the collapse involved a single lobe of the lune or, if so, that the 
exposure of the pleural cavity could be limited to that corresponding to a 
single lobe. Therefore, in the event of recurrence of the empyema after de- 
cortication for small cavities, it is entirely possible that the extent of the 
pleural cavity involved in the recurrence would be greater than that for 
which the operation was undertaken. 

The optimum time at which primary decortication should be pertormed, 
from a pleural pathologic standpoint, is considered to be within six weeks 
of the onset of the empyema, and preferably as soon as the diagnosis is estab- 
lished, with the allowance of several] days or more for adequate preoperative 
preparation, The optimum time for the performance of secondary decortica- 
tion is approximately four to five weeks after the establishment of adequate 
rib resection drainage, and also within six to eight weeks of the onset of the 
empyema. These opinions are based on observations of the pathologic changes 
in the pleural cavity in empyema following intrathoracie wounds.' Since 
each of the five patients reported herein was operated upon within 100 days 
of the presumed or actual onset of the empyema, we are not certain of the 
average time limit within which the operations may be performed. That 
remains to be determined in cases of early empyema unassociated with intra- 
thoracic wounds. But one might expect that the time limit would be variable, 
dependent upon such conditions as the pathogenesis of the empyema, the 
virulence of the bacteria, and the resistance of the host. 

From a pulmonary pathologic standpoint, in the absence of a broncho- 
pleural fistula or of a communicating lung abscess, the performance of operation 
must be predicated upon the return of normal expansibility, if the empyema 
is secondary to pulmonary disease such as pneumonia or infarction. Tf the 
empyema arises as a primary suppurative pleuritis, or is of other extrapulmonie 
origin, such as the rupture of a subphrenie abscess through the diaphragm, the 
normaley of the lung in all respects except for secondary collapse may be as- 
sumed. If the complication of lune fistula or abscess is present, decortication 
in the presence of either must be combined with their successful eradication at 
the time, and upon the restoration of normal expansibility thereby. 

The technique of the operation in its essential details has been described 
elsewhere.! However, two features of the pre- and postoperative care should 
be stressed. These two features are drainage and antibiotie therapy. 

The maintenance of complete pulmonary expansion by adequate postopera- 
tive closed drainage of the pleural cavity is equally as important as the operation. 
The persistence of dead space in the form of hemothorax or pneumothorax must 


be avoided. 
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The role of antibiotic therapy as an adjunct to operation, while difficult to 
assess in statistieal terms, we believe to be an exceedingly important one. In 
particular, the ability of penicillin to prevent or inhibit invasive infection in a 
high percentage of cases has determined its selection as the agent of choice in 
these eases at present. The drug has been given in dosages of 25,000 units intra- 
museularly every three hours for one or two days preoperatively, and for seven 
to fourteen days postoperatively. 

That early pulmonary decortication may be accomplished suceessfully, with 
and without preliminary drainage, in selected eases of early empyema, safely 
and with resulting cure or marked improvement in far less time than by the 
conventional method of rib resection drainage alone, is attested by the aecom- 
panving case reports. The main features of the cases are presented in Table T, 
and the detailed reports follow. 

It is important to note that the discussion of the pathology of empyema 
presents no new observations. The fundamental features of the anatomie and 
physiologic pathology of empyema remain the same as when they were first 
clearly established by Graham*’ and his associates. As a result of that work, the 
principles of the treatment of aeute or early empyema were placed upon a sound 
basis for the first time. 

Among the essential observations on the treatment of empyema made by 
Graham at that time were the following: 

1. Open pneumothorax must be avoided in the acute stage of the disease. 

28 Comparatively little danger is to be feared from an open operation 


after the acute stage of the disease has passed. 


3. The prevention of chronie empyema must be accomplished by the 


rapid sterilization and obliteration of the infeeted eavity. 


In the series of cases reported herein, these principles were adhered to in 
that at the time of primary or secondary decortication, the pneumonie or other 
etiologic pulmonic disease had subsided; the dangers of open pneumothorax were 
obviated by the use of positive pressure anesthesia; obliteration of the cavity was 
obtained by decortieation and postoperative drainage, and sterilization of any 
residual cavity was attempted by the use of penicillin parenterally and locally 
in the pleural eavity. 

CASE REPORTS 

CASE 1.—J. R. C., a white man, sergeant in the Army of the U. S., aged 25 years, was 
admitted to the 300th General Hospital in Naples, Italy, May 25, 1944. For the three 
months previously, he had pains on respiration in the left lower part of the chest. On 
Mav 7, 1944, he began to have fever (104° F.), chilly sensations, and aching of the arms 
and legs. Three days later, he began to have polyuria and frequency of urination. In 
addition, he experienced a constant low backache, developed a cough productive of mucoid 
‘black’? sputum, and pain of a pleuritie character in the left anterior thorax. For the 
eighteen days prior to admission to the 300th General Hospital, he was a patient in another 
\rmy hospital. There he was observed to have some fever, was treated with sulfathiazole, 
but no definite diagnosis was made. Except for frequent tonsillitis, the remainder of the 
wvailable history was nonecontributory. 

On physical examination, the temperature was 99.6° F., pulse 96, respirations 20, 


The skin and mucous membranes were pale, and the patient appeared chronically ill. Over 
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the left lower lung posteriorly, the percussion note was impaired and the breath sounds 
were suppressed. There were no rales. The remainder of the examination was negative. 

On admission, the results of the laboratory examinations were as follows: red blood 
cells, 4,770,000; hemoglobin, 90 per cent; white blood cells, 17,900; polymorphonuclears, 
71 per cent; eosinophiles, 4 per cent; Ivmphoevtes, 25 per cent; urinalysis normal, 

A roentgenogram of the thorax on admission was reported as showing atypical pneu 
monia in the left lower lobe. 

On this basis, the diagnosis of atypical pneumonia was made. 

From the time of admission until June 7, 1944, he had fever each day with tempera 
tures up to 101° and 102° F. During the period from May 27 to June 6, he was treated 
with sulfadiazine, 1.0 Gm. every four hours. Jecause of the possible development of 
empyema, a thoracentesis over the left lower lobe was performed May 29, 1944, and was 
nonproductive of fluid. But on May 31, 1944, 50 e.e. of bloody, rather thick fluid were 
withdrawn, On this latter date, by roentgenogram, the entire left lung field was oblit 
erated by a moderately dense homogeneous shadow. 

From June § to July 15, 1944, the temperature did not rise above 100° F. On June 
14, 1944, another roentgenogram of the chest showed eneapsulated fluid over the lower 
half of the left lung, and three days later, a thoracentesis in this region was productive 


of 40 ce. of thiek sanguinopurulent fluid. On July 1, 1944, 25 ¢.e. of thick grayish-brown 
pus were aspirated on thoracentesis in this region, and on July 5, 1944, 60 ¢.e. of similar 
pus were aspirated. Thereafter, from July 7 through July 18 a daily thoracentesis was 
performed with withdrawal of pus in amounts varying from 5 to 20 e.«¢., and on each 


instance, after its removal, 25,000 units of penicillin in 2.5 ¢.c. of saline solution were 
instilled into the pleural cavity. During this time, a moderate leucocytosis persisted, and 
roentgenograms of the chest showed no significant change in the size of the empyema 
cavity. On four occasions, smears and both aerobie and anaerobic cultures of the pleural 
pus failed to demonstrate the presence of any bacteria. A guinea pig inoculated with the 
pus during this time was reported later as failing to develop evidence of tuberculosis. 

Because of persistence of the empyema in spite of local penicillin therapy, open 
external drainage was performed July 15, 1944, by partial resection of the eighth rib in 
the postaxillary line. The cavity was found to oceupy primarily the paravertebral gutter, 
and contained large masses of fibrin. After insertion of a large thoracotomy tube, the 
wound was left open. 

The course was uneventful until nine days after the rib resection drainage, when 
the patient began to have temperature as high as 104° F., which fever persisted for five 
days. During this febrile period, no immediate cause was found other than an acute 
upper respiratory infection. However, after the development of a bronchopleural fistula 
at the end of this brief period, the fever subsided. Thereafter the bronchopleural fistula 
closed spontaneously because none was found at a subsequent operation. From the day of 
onset of the fever on July 24, 1944, systemic penicillin was administered in dosages of 
15,000 units every three hours for the next eleven days, the total dosage being 1,820,000 units. 

In the next two weeks there was no diminution in the size of the cavity. Its meas 
ured capacity was only 65 ¢.¢., but on digital examination it seemed as extensive as at 
the time of the rib resection drainage. Thus, after a month of apparently adequate ex 
ternal drainage with no apparent decrease in the size of the cavity, a second thoracotomy 
for decortication of the lung, with pre- and postoperative systemic penicillin therapy as 
an adjunct, was decided upon. 

Accordingly, on Aug. 15, 1944, ninety-eight days after the onset of the pneumonia, 
under intratracheal ether anesthesia, the left pleural cavity was entered through a postero 
lateral incision in the fourth intercostal space, without rib section or resection, On 
opening the parietal pleura and spreading the ribs slowly but widely, a large empyema 
cavity was found occupying primarily the paravertebral gutter. The cavity extended over 


the inferior part of the posterolateral surface of the upper lobe and the entire postero 


lateral surface of the lower lobe. Prior to decortication, the lower lobe was about 20 per 
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cent collapsed, and neither lobe would expand under positive pressure. From the involved 
areas of each lobe, a dense fibrous laver about 3 mm, in thiekness was removed, exposing 
beneath grossly normal visceral pleura. Several small tears made in the visceral pleura 
were closed with interrupted silk sutures. The entire lobes were freed circumferentialls 
by breaking with a sweep of the hand wispy fibrous adhesions between the layers of the 
pleura in that portion of the pleural Cavity not occupied hy the empvema, Following this, 
under positive pressure, both lobes expanded completely to fill the pleural cavity. That 
portion of the fibrous capsule covering the parietal pleura was not removed, as it would 
have no effect on the expansibility of the lung. Internal intercostal nerve block was pet 
formed using 1 per cent Novoeain. Penicillin, 50,000 units in 100 ¢.c. of normal saline 
solution, was placed in the pleural cavity and intercostal tube drains were brought out in 
the second and fifth Interspaces anteriorly, and in the eighth interspace In the posterior 
wxillary line. The wound was closed without drainage, with two pericostal silk sutures, 
and thereafter in layers with interrupted cotton sutures throughout. During operation, 
2000 ¢.e. of citrated blood and 2OOO e¢.e. of glucose (9 per cent solution in normal saline 
solution were administered, although shock did not occur. Following operation, bronchos 
copy was performed. Also following operation, the intercostal tubes were opened under 
water for closed drainage, except the opening of the eighth interspace tube was delayed 
for six hours to prevent the prior escape of the penicillin. 

A culture of the pleural pus obtained at the time of decortication was reported as 
positive for Staphylococcus aureus hemolyticus. 

There were no immediate postoperative complications except jaundice, which appeared 
late on the day of operation, with a subsequent rise of the icteric index to 58, The jaundice 
disappeared completely in the next few weeks. There were no other manifestations of trans 
fusion reaction, The temperature rose to 102° F. on the day of operation, fell slowly to 
hecome normal on the fourth postoperative day, and remained so thereafter, The wound 
healed promptly without apparent infection. The two anteriorly placed intercostal tubes 
were removed on the seventh postoperative day, and the remaining intercostal tube was removed 
on the thirteenth postoperative day. At no time was there purulent drainage. Systemic 
penicillin, in dosages of 25,000 units every three hours, was discontinued on the sixteenth 
postoperative day, a total of 3,400,000 units having been administered for the previous 
eighteen days. Also, by the sixteenth postoperative day, the patient was completely 
ambulatory again. 

On Sept. 2, 1944, slight fever recurred, and persisted for six days, the temperature 
rising to an average of 100.5° F. on each day. Sept. 4, 1944, a roentgenogram indicated 
the possibility of fluid at the left base. On this latter day, thoracentesis at five sites was 
nonproductive of fluid. Again on Sept. 8, 1944, thoracentesis at three sites was performed, 
and no fluid encountered. Sept. 10, 1944, an intereostal nerve block with Novoeain (1 
per cent solution was performed, followed by relief of left thoracie pain experienced 
since the onset of the last episode of fever. On Sept. 14, 1944, a small abscess in the lett 
thoracotomy sear ruptured spontaneously, draining a small amount of gray pus. Cultures 
of this revealed the presence ot Staphylococcus citreus (nonhemolyticus ) and gamma strep 
tococcus, The patient continued afebrile and ambulatory for the remainder of the hospital 
stay, but a draining sinus in the wound persisted. No communication with the pleural cavity 
could ever be found, although the possibility could not be excluded. The patient was returned 
to the United States Sept. 30, 1944, for further observation. 

A letter from the patient was received several months later, in which he stated that 
another operation had been performed soon after his return, because of the draining sinus. 
He stated also that an empyema was not found, but authoritative opinion is not available, 


and his subsequent course could not be ascertained. 


Comment.—The operation of secondary decortication was undertaken in this 
patient because of lack of any expansion of the lung after adequate drainage ot 


the empyema had existed for one month, and the fear that a chronie empyema 
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was impending, Although the operation was not definitely followed by a prompt 


cure, the patient was considered greatly improved. If the postoperative drain 


ing sinus communicated with an empyema eavity, the eavity was certainly 
markedly reduced in size compared to that present at the time of decortication. 
For this reason, any subsequent operations becoming necessary would be of far 


less magnitude than that which would have been necessary had the original 


cavity persisted into pathologie chronicity. 


Cask 2.—D. W. N., a corporal in the Army, aged 22 vears, was admitted to the 300th 
General Hospital in Naples, Italy, on Aug. 28, 1944. He had been in a vehicular accident 
Aug. 2, 1944, in which he sustained an injury of the right thorax. Following the accident 
he was admitted to a British Casualty Clearing Station, where he was found to have a 
simple fracture of the third rib and of the scapula, and an acromioclavicular separation, 
all on the right side. There was no wound of the thoracic wall. The next day, a thora 
centesis on the right was done, S00 ¢.c. of blood being removed, after whieh 30,000 units 
of penicillin were instilled into the pleural cavity. He was transferred to a United States 
General Hospital, where he remained until he came under our observation. At the first 
General Hospital, a thoracentesis on the right was done Aug. 7, 1944, and 25 ¢.e. of bloody 
fluid were removed. No further history was available. 

On examination on admission, the temperature was 101.2° F., the pulse 118, and the 
respirations 24. The patient appeared sick, and seemed to have lost weight. An occasional 
cough was productive of purulent sputum. There was no dyspnea. The right side of the 
thorax showed marked retraction and limited expansion. The heart and left lung were 
normal, Over the right lung base extending into the axilla, the percussion note was dull 
and the breath sounds were absent. There was a marked prominence over the lateral end 
of the right claviele, and abduction of the right arm was limited to 50 degrees. 

Laboratory and x-ray examinations revealed the following: white blood cells, 
12,250 polymorphonuclears, ‘¢ per cent; eosinophiles, 1 per cent; lvmphoeytes, 22 per cent; 
hemoglobin, 13.3 Gm.; volume packed red blood cells, 39.2 per cent; total plasma proteins, 
3 Gm.; urinalysis normal. Roentgenogram of the thorax showed an old, complete com 
minuted fracture of the posterior portion of the right third rib, and of the superior bordet 
and coracoid process of the right scapula. Large loculated hydropneumothorax was present 
on the right with complete collapse of the apex. 

On Aug. 30, 1944, thoracentesis on the right at three sites posterolaterally was per 
formed, only a few ecubie centimeters of moderately thick, light brown pus being ob 
tained. Cultures of this were reported later as being positive for proteolytic Clostridia 
and nonhemolytie Microcoeei. 

On the basis of this, the impression was that a total empyema existed on the right, 
representing an infected hemothorax. The source of the hemothorax could have been 
from a puncture of the lung by a rib fragment or from torn intercostal vessels, or both. 

Because of our experience in the efficacy of early pulmonary decortication in cases 
of massive empyema following intrathoracic wounds accompanied by hemothorax, and 
because of our belief that the pleural pathology would differ in no way from that had the 
patient had a wound of the thoracie wall associated with the rib fracture, the method of 
therapy decided upon was pulmonary decortication without preliminary drainage. 

The simple fractures, the acromioclavicular separation, and the restoration of the 
function of the shoulder by physiotherapy presented no problems, and henee will not be 
mentioned further. 

Between Aug. 31 and Sept. 3, 1944, the patient was given a total of 2,500 c.c. of 
citrated blood because of anemia. On the day of admission, penicillin therapy, 25,000 
units every three hours intramuscularly, was begun and it was continued into the post 
operative period. The average daily temperature elevation was 100.5° F. during the week 


hefore operation. 
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On Sept. 4, 1944, under intratracheal ether anesthesia after sodium pentothal induce 
tion, a right thoracotomy was performed. The pleural cavity was entered in the sixth 
interspace posterolaterally, without rib section or resection, A virtually total empyema 
was found, the cavity containing thick pus and large masses of fibrin. Cultures of this 
were reported as positive for proteolytic Clostridia and hemolytie Staphylococcus aureus. 
The lung was collapsed into the paravertebral gutter, and the apex was down to the level of 
the fourth rib posteriorly. The diaphragm was high and fixed. The lung was covered by a 
thick organizing membrane, and did not expand under positive pressure. The membrane was 
readily stripped from the visceral pleura in large sheets. After the thick membrane was 
removed, the lung remained partially collapsed, the visceral pleura still being covered by a 
very thin transparent fibrous sheet which produced foldings of the lung upon itself, especially 
at the free margins of the lobes. After removal of the latter membrane under positive pres 
sure the lung expanded completely to fill the hemithorax entirely. During the decortication, 
two small lacerations were produced, one in each lobe. These were closed with interrupted 
fine cotton sutures. Internal intercostal nerve block was performed, using a 1 per cent 
solution of Novoeain. Intereostal tube drains were brought out in the second interspace 
anteriorly and eighth interspace in the posterior axillary line, and 50,000 units of penicillin 
in 200 e.c. of normal saline solution were instilled into the pleural cavity. The wound was 
then closed in layers without drainage and without pericostal sutures, with interrupted 
cotton sutures throughout. During operation, 2,000 ¢.c. of citrated blood were viven, 
though shock did not oecur, Immediately following operation, bronchoscopy was per 
formed, and closed drainage of the pleural cavity instituted by opening the intercostal 
drains under water. Opening of the eighth interspace drain was delayed for six hours to pre 
vent the early escape of penicillin. 

Following operation, the temperature rose to 101] EF, on the same day, and thereafter fell 
gradually to become normal on the third postoperative day. The anterior intercostal drain 
was removed on the second, and the posterior on the seventh postoperative day, There was no 
purulent drainage at any time, The wound healed per primam. 

On the sixth postoperative day, the patient experienced considerable pain in the left side 
of the chest, at which time a friction rub was heard only once, and never recurred, Because 
of persistence of the pain, an intercostal nerve block on the left, including the third through 
the twelfth nerves, was performed two days later using Novocain (1 per cent solution), with 
relief of the pain, which did not reeur. On each of the two days oft pain, the temperature rose 
to 101° F., and then returned to normal again. 

Systemic penicillin therapy, which was begun on the day of admission, was discon 
tinued on the fourteenth postoperative day, the patient having had a total of 4,200,000 units 
during the previous twenty-one days. 

Following the discontinuation of the penicillin therapy, a low-grade irregular fever 
occurred, and persisted for ten days. At the end of this time, a roentgenogram of the thorax 
showed for the first time a small area of infiltration in the left lower lobe, suggestive of 
bronchopneumonia, Thereafter the patient remained afebrile and ambulatory throughout the 
hospital stay. On all subsequent roentgenograms of the thorax, the left lung field was normal. 

For the first several weeks following operation, a very small apical pneumothorax on the 
right, without a fluid level, was apparent in the roentgenograms. Throughout the postopera 
tive period of observation, however, the right lung field remained clear, and at no time was 


there clinical or roentgenographie evidence of recurrence of the empyema. 


Comment.—In spite of apparent prompt cure of the empyema by primary 


decortication, the patient failed to regain full strength rapidly, and had a per 


sistent tachyeardia during normal activity. The total plasma proteins were 
found low (5.6 Gm. per cent) during this period, and though the determinations 


were restored to a normal range (around 7.3 Gm. per cent) by blood transfu- 
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sions, there was no significant elinical improvement. Therefore, Nov. 18, 1944, 
he was returned to the United States for further convalescence because of weak- 
ness and tachyeardia. 


CASE 3.—B. H., aged 19 years, a private in the Army of the United States, was ad 
mitted to the 300th General Hospital in Naples, Italy, in the latter part of October, 1944. 

On Oct. 1, 1944, at another U. S. Army General Hospital, he had had a laparotomy for 
an acute abdominal illness of eight hours’ duration. A perforated gastrie ulcer was found, 
und simple closure was done. Prior to the acute illness, he had never had any gastric symp 
toms. The postoperative course was stormy, and complicated by a left hydropneumothorax. 
On three occasions between Oct. 3, and Oct. 8, 1944, bloodstained fluid was removed from the 
left thorax by thoracentesis, The patient was then transferred to another U.S. Army General 
Hospital, where on Oct. 19, 1944, a portion of the left tenth rib was resected for empyema, 
und open drainage established. The cause of the empyema was considered to have been a 
pulmonie septic infarct. 

The patient came under our observation for the first time on Oct. 30, 1944. At this 
time, On examination, the patient appeared only moderately sick. The temperature was 98.6 
K., the pulse 112, and respirations 20. The heart and right lung were normal, Over the left 
lateral thorax in the midaxillary line, there was a fluctuant abscess of the soft tissues, about 
S cm, in diameter. There was a large thoracotomy tube for drainage in the left tenth rib 
defect in the posterior axillary line. The purulent drainage from the thoracotomy tube was 
foul smelling. No communication existed between the thoracotomy wound and the abscess of 
the thoracic wall superior to it. The empyema cavity was large and empty, and was draining 
adequately. The abdomen was soft. Except for the laparotomy wound, which had healed 
per primam, the abdomen was normal. 

Initial laboratory examinations were as follows: Hemoglobin, 14.5 Gm. per cent; 
volume packed red blood cells, 42.8 per cent; total plasma proteins, 7.2 Gm, per cent. 

The initial roentgenogram of the thorax showed a defect in the tenth rib posteriorly 
and virtual total collapse of the lung with an empty pleural cavity on the left. 

Regarding the peptic ulcer, the patient had no symptoms relative to it at any time 
during the hospital stay, and no special therapy therefor was administered. Nov. 11, 1944, 
on examination of the upper gastrointestinal tract using barium as the contrast medium, 
there was point tenderness over the duodenal cap and marked irritability, interpreted as 
indicating an acute duodenal ulcer. On repetition of the examination, on Dee. 13, 1944, 
there was a fairly large crater high on the lesser curvature of the stomach and marked 
prolonged pylorospasm, 

On Oct. 50, 1944, the abscess of the left thoracic wall was drained through two 
horizontally placed incisions. It was situated beneath the muscles just outside the rib 
cage. No communication with the pleural cavity was present. The pus was thick and very 
malodorous, a culture of which was reported as being positive for anaerobie Streptococci. 
The drainage wounds were left open. 

For the next two weeks, the course was uneventful and afebrile. The empyema was 
draining adequately, but the left lung was not expanding, and therefore the empyema was 
still virtually total in size. Beeause of the lack of pulmonary expansion, and hence the fear 


f impending chronicity, decortication of the lung was decided upon. 


Systemic penicillin therapy, 25,000 units every three hours, was instituted the day 


hefore operation. 

On Nov. 16, 1944, forty-seven days after the presumed onset of the postoperative 
empvema, and twenty-eight days after institution of adequate drainage of the empyema, a 
left thoracotomy was performed under intratracheal ether anesthesia. A posterolateral in 
cision was made through the lower of the two wounds, now granulating, inade previously for 
the drainage of the abscess of the thoracic wall. The pleural cavity was entered through the 


sixth intercostal space, without rib section or resection, A total empyema was found, the 
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lung being fully SO per cent collapsed, except for a small area of the anterior surface of the 
upper lobe, which was adherent to the anterior thoracic wall. There was no expansion of the 


lung under positive pressure. A) bronchopleural fistula was not present, The lung was 


covered with an organizing fibrinopurulent membrane 3 to 4 mm, in thickness (Figs. 1, 2, 


~ 


and 3). Decortication was performed with fair ease, exposing grossly normal viscera pleura, 
Following this, under positive pressure the lung expanded 100 per cent. Internal intercostal 
nerve block of the second through the eleventh nerves Was done, using Novocain ( ] per eent 
solution), Intercostal catheter drainage was provided in the second and fifth interspaces 
anteriorly, and in the tenth rib pre-existing defect. The wound was closed in layers without 
pericostal sutures, with interrupted silk throughout, leaving open only the skin and = sul 


cutaneous tissues where the preoperative granulating wound was present. Compatible citrated 


Fig. 1 (Case 3).—The section shows the full thickness of the organizing capsule removed 
from the visceral pleura. The free border is uppermost, and the portion adjacent to the pleura 
is lowermost (20). 

Fig. 2 (Case 3).—The section shows a high-power magnification of the free border. The 
granulations show definite inflammatory and in particular angioblastic activity, but little 
fibroplasia as yet (50). 


blood, 2,000 ¢.c., was administered during the operation, although shock was not present at 
any time. Immediately following operation, bronchoscopy was performed. Also, 50,000 
units of penicillin in 200 ¢.c, of normal saline solution were instilled into the pleural cavity 
through the drainage tubes. All drainage was closed and immediate, except that the opening 
of the dependent posterior tube was delayed for four hours to prevent the prior escape of 
the penicillin. A culture from the empyema cavity taken at operation was reported as positive 
for Staph. aureus. 

Following operation, the temperature rose to a peak of 104.2 KY. on the first postopera 
tive day. Slight jaundice (icteric index 19) developed rapidly, and disappeared within the 
next two weeks. There were no other manifestations of transfusion reaction. By the sixth 
postoperative day, the two anterior intercostal tubes had ceased to function, and were re 


moved, However, fever had persisted, with temperatures averaging 102.0° F. At this time, 
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very small abscess in the posterior angle of the wound was found and opened. Culture of 
the pus from this showed Staph. aureus. On the tenth postoperative day, the posterior inter 
costal tube had ceased to function, and was removed. There was no purulent drainage from 
any of the intercostal drains at any time. The fever persisted, however. Roentgenograms of 
the thorax showed complete expansion of the left lung except for residual clouding over the 
left base. Therefore, on Noy. 28, 1944, thoracentesis at five sites was performed, but no fluid 
vas encountered. Two days later, on another thoracentesis in the eighth intercostal space 
in the mid scapular line, 10 ¢.c. of bloody pus were removed. Hence, on Dee, 1, 1944, the 
fourteenth postoperative day, a section of the left eighth rib was removed at the mid-scapular 
line. A very small empyema pocket was entered, which extended as a narrow tract from the 
region of the healed anteriorly placed fifth intercostal space wound down to the healed tenth 
rib drainage wound. Thoracotomy tubes were placed in the eighth and tenth rib drainage 
wounds, and open drainage was instituted. Cultures of the pus were positive for Staphylococ 


cus aureus and aerobie Streptococe, 


section shows the fibrosis which has taken place in the deeper ot 
pleural side of the capsule or “peel” (x 600), 


The penicillin therapy was discontinued on Dec. 2, 1944, the patient having been given 
. total of 3,400,000 units over the previous eighteen days. From Nov. 22, 1944, to Dee. 1, 
1944, the patient had received also oral sulfadiazine, 1.0 Gm, four times a day. 

Dec, 5, 1944, the temperature, which had averaged 102.0° and 103.0° F. each day since 
decortication, returned to normal, and remained so thereafter. The patient’s further course 
vas entirely uneventful, and on Dee. 24, 1944, he was returned to the United States because 


f the very small recurrent empyema and the peptic ulcer. 


Comment.—Even though a very small basal empyema recurred, the patient 
was considered very markedly improved, the possibility of a massive chronic 


empyema having been averted by the decortieation. 


























SURGERY 


Cask 4.—C. F. O., aged 20 vears, a sergeant in the Army of the United States, was 
admitted to the 300th General Hospital in Naples, Italy, June 7, 1945. 


April 17, 1945, he was wounded in combat, sustaining severe penetrating shell fragment 
wounds of both thighs and of the abdomen. There was no wound of the thorax. Soon after 
wounding, a laparotomy was done in a forward hospital. Two lacerations of the ileum and 
two lacerations of the urinary bladder were found and repaired. There was no diaphragmatic 
injury. The wounds of both thighs were débrided also. Later, the wounds of the thighs were 
secondarily sutured. All wounds healed promptly and the initial recovery was excellent and 
uneventful. 

On or about May 2, 1945, he developed pleurisy on the left side, soon thereafter accom 
panied by an effusion. Cultures of the fluid obtained on several thoracenteses soon after the 
onset were reported as sterile. Later he developed pleurisy on the right side also, but without 
effusion, which pleurisy disappeared shortly and did not recur. A massive effusion on the 
left persisted, For a few days before admission, he had dysuria, and on the day of admission, 
he Was unable to void. 

On examination the temperature was 98.8° F., pulse S80, and respirations 20. He did 
not appear ill. The heart and right lung were normal. Over the left lung posterolaterally, 
the percussion note was dull and the breath sounds absent. The abdomen presented healed 
wounds, without evidence of major blood vessel, nerve injury, or disease. A small stone in 
the anterior urethra just behind the glans penis was easily palpable. The scrotal contents 
were normal. 

At the time of the initial examination, thoracentesis on the left at several sites revealed 
the presence of odorless pus at each site, A total of 60 ce. was all that was obtainable. 
Two cultures of the pus were reported later as sterile, 

Initial laboratory and roentgenographic examinations were as follows: red blood cells. 
$360,000; hemoglobin, 12.6 Gm. per cent; volume packed red blood cells, 387 per cent; white 
blood cells, 11,800; neutrophiles, OS per cent; eosinophiles, 6G per cent; lymphocytes, 36 pel 
cent; serum proteins, 6.5 Gm. per cent; urinalysis 1 to 2 white blood cells per high power 
field, otherwise normal, with no red blood cells present. Roentgenograms of the thorax and 
abdomen showed a large lydrothorax present on the left posteriorly and metal fragment in 
the right upper quadrant posteriorly. There was marked enlargement of the liver shadow 
hut no shadows suspicious of urinary tract stone. 

On admission, the stone in the anterior urethra was removed easily. On further study, 
no evidence of additional urinary stones could be found, There were no further urological 
complications, 

The sole problem then remaining was the presence of a massive empyema on the left 
side. The bilateral pleurisy, and the left empyema, were considered probably secondary to 
infected pulmonary infarcts. The plan of treatment decided upon was pulmonary decortica 
tion, without preliminary drainage, with systemic chemotherapy as an adjunct. 

Accordingly, two days before operation, penicillin therapy, 25,000 units intramuscularly 
every three hours, was begun, The day before operation, a 500 ¢.c, citrated blood transfusion 
Was given. 

June 12, 1945, forty-one days after the onset of the pleurisy on the left, a left thora 
cotomy was performed, Under intratracheal ether anesthesia, through a posterolateral in 
cision, the pleural cavity was entered in the sixth intercostal space, without costal section 01 
resection, There was found a large empyema cavity, situated posteriorly, extending from the 
apex to the diaphragm. The upper lobe including the apex was collapsed about 20 per cent, 
and the lower lobe was collapsed about 50 per cent. The cavity was filled with foul-smelling 
dark brown pus and large masses of fibrin. A culture of the pus was reported as sterile. 
Part of the capsule of the empyema overlay the diaphragm, which was fixed. The lung 
would not expand under positive pressure. The lung was then decorticated, the visceral portion 
of the capsule which covered it being about 4 mm, in thickness, The visceral pleura beneath 
Was grossly normal. There was no bronchopleural fistula. One small tear in the lower lobe, 


and two such tears in the upper lobe, produced during decortieation, were closed with a silk 
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suture im each. Following this, there was LOO per eent eX pansion of both lobes. The dia 
phragm was freed, restoring its normal motion. No attempt was made to decortieate the 


parietal pleura, as the parietal portion of the capsule would have no effect on the expansi 
bility of the lung. Internal intercostal nerve block of the second through the tenth nerves 
was performed, using Novocain (1 per cent solution). Penicillin, 50,000 units in 200 ¢.¢. 
normal saline solution, was instilled into the pleural cavity. Intereostal tubes for postopera 
tive closed drainage of the pleural cavity were brought out in the second interspace anteriorly 
and in the eighth interspace in the posterior axillary line, After complete expansion of the 
lung again under positive pressure, the wound was closed in layers with interrupted silk sutures 
without pericostal sutures, During operation, 1000 e¢.c. of citrated blood and 300 @.c. of 
plasma were administered, though shock did not develop. Following operation, bronchoscopy 
was performed to clear the tracheobronchial tree of any secretions or blood. The anterior 
intercostal tube was opened under water immediately following operation. The opening of 
the posterior tube was delayed for four hours to prevent the prior escape of the penicillin. 
The patient’s condition throughout operation was good, 

Following operation, recovery was rapid and uneventful. The temperature rose to a 
high of 102.0° EF. on the night of operation, fell gradually to become normal on the third 
postoperative day, and remained so thereafter. On the second postoperative day, the ante 
rior intercostal tube was removed. On the fourth postoperative day, the posterior intercostal 
tube was removed. There was no purulent drainage from either tube. On the fifth post 
operative day, penicillin therapy was discontinued, the patient having received a total of 
1,400,000 units over a period of seven days. The wound healed per primam, On the eighth 
postoperative day, a thoracentesis on the left was dry. On the fourteenth postoperative day, 
wv roentgenogram of the chest showed the left lung to be fully expanded, with no evidence of 
residual empyema. By this time, he had. already become ambulatory. His further course was 
entirely uneventful, and no ¢linieal o1 roent genographie evidence of persistence of recurrence 
of the empyema was detected. 

Because the war in Europe was already over at this time, on July 2, 1945, he was 
returned to the United States for further convalescence, although his physical condition was 


such that he could have served in noncombat duty overseas. 


Case 5.—W. M. H. (Roper Hospital No. 46261) was a white man, aged 47 years. The 
patient was admitted on March 26, 1946, with the complaints of pain in the left side of the 
chest and shortness of breath of several hours’ duration. He had had a cold and a cough fo: 
ten days before admission. Past history was noncontributory. 

On examination, there were no significant findings except fever, dyspnea, and extra 
systoles. The heart was otherwise normal. Blood pressure was 120/80, The lungs were 
normal, 

Routine blood and urine studies were normal, blood Wassermann and Kline negative, 
and blood culture was negative. Blood ageglutinations versus Bacteriaceae, Proteus X19 
were positive up to 1:S0 dilution. An electrocardiogram showed left ventricular preponder 
ance and frequent ventricular premature contractions. A roentgenogram of the chest was 
not made, 

During a seven-day hospitalization, he had fever with temperatures up to L02.0° F. 
each day. For the first twenty-four hours, he was given oxygen by intranasal catheter. For 
two days before discharge, he was given sulfadiazine 1.0 Gm. every four hours. 

He was discharged as improved April 1, 1946, with the diagnosis of typhus fever. 


He was readmitted to the hospital on April 25, 1946, because of continued fever and 
cough. Also for four days before admission, he had spit up very large amounts of purulent 
sputum day and night. 

On examination, the patient was found to be acutely ill, and coughing up thick foul 
smelling sputum at frequent intervals. Temperature was 100.4° F.; pulse, 116; respirations 
were 36: blood pressure was 130/80. There was dullness, diminished taetile fremitus, and 
lecreased breath sounds over the entire left lung. The right lune was normal, heart was 


normal. The remainder of the examination was normal, 
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Aeeessorv examinations included the following: Hemoglobin, 9.5 Gm.; white blood eells, 


) 


IS,690; polymorphonuclears, 7S per cent; Ivmphoeytes, 20) per cent; monocytes, ner cent; 
urinalysis, normal; total serum proteins, #48 Gm.; albumin, 4.88 Gm.; elobulin, 4.60 Gm. ; 
culture of sputum, Streptococcus viridans; blood culture, negative. Roentgenogram ot the 
thorax (Fig. 4) showed massive hydropneumothorax on the left with fluid level opposite the 
first rib anteriorly, mediastinum displaced to the right, and right lung field clear. 

Three days after admission, 475 ¢.c. of foul-smelling gray fluid were removed from the 
left pleural cavity by thoracentesis. The procedure was repeated on May 5, 1946, with 
removal of 150 ¢.c. of malodorous pus, and 385,000 units of penicillin were instilled in’ the 
pleural cavity. The next day, 925 ¢.c. of similar brown pus were removed, and 200,000 units 


of penicillin instilled in the pleural cavity, Cultures of the pus were positive for alpha 


streptococcus on each oceasion, A smear of the pus was negative for acid-fast bacilli. 
Smears of the sputum on two occasions and culture of the sputum were also negative for 


acid-fast baeilli. 





Fig. 4 (Case 5). Massive early empyema on the left with fluid level. 


At this time, the patient eame under the observation of one of us (E. F. P.). The 
diagnosis of massive empvema on the left, postpneumonic, with a bronchopleural fistula, was 
confirmed, Thoracotomy with rib-resection drainage was advised. Primary decortication, in 
view of the extent of the empyema, would have been considered the treatment of choice, but 
for the following reasons: Temperature was constantly elevated, ranging up to 108.0° FY. on 
most days. There was significant tachyeardia and tachypnea. The anemia persisted, not 
Withstanding two blood transfusions. The daily sputum output averaged around 200 ¢.c. 
The clinical course was not influenced by penicillin, 30,000 units given intramuscularly every 
three hours beginning on April 29, 1946. He seemed too ill to withstand a major thora 
cotomy., 

On May 10, 1946, forty-five days after the presumed date of the onset of pneumonia, 
thoracotomy on the left was performed. A massive empyema cavity was entered after sub 
A bronchopleural 


periosteal resection of a segment of the ninth rib, in the postaxillary line. 
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fistula was easily audible. A large rubber tube was inserted in the wound, and open drainage 
instituted, Biopsy of the parietal pleura at the time showed a nonspecific inflammatory 
reaction, 

Following this, he beeame afebrile promptly. The productive cough practically ceased, 
Ile became ambulatory, and began To onin weight. In the course of the next few weeks, he 
was given five blood transfusions, 500 ©.e. each. The anemia disappeared, the hemoglobin 
determination rising to 14.0 Gm, Parenteral penicillin therapy, as before, was discontinued 


on the twentieth postoperative day. 





In spite of marked general improvement and the presence of adequate drainage of the 
empyema, the lung failed to expand rapidly, and a bronchopleural fistula remained open, On 
June 5, 1946, roentgenograms of the thorax, made after the injection of 40 ¢.c, of lipiodol 
through the drainage tube into the empyema cavity, showed that the cavity was still massive 

Figs. 5 and 6). It involved the posterior half of the left hemithorax collapsing both the 
upper and lower lobes, and in particular the apex of the upper lobe was collapsed. Secondary 


decortication was advised, because it was considered that chronie empyema was impending. 
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Fig. 5 (Case 5).—Residual empyema cavity on the left partially filled with radiopaque oil 
show its extent. 

Fig. 6 (Case 5).—Lateral projection of chest shown in Fig. 5. The empyema cavity 
occupies mainly the posterior half of the pleural cavity. 


On June 11, 1946, thirty-two days after adequate drainage by rib resection was instituted, 
secondary decortication was performed under intratracheal ether anesthesia, Through a left 
posterolateral incision, the pleural cavity was entered in the sixth intercostal space without rib 
section or resection, On opening the pleura, immediately a large empty empyema cavity was 
entered, It was situated in the posterior half of the hemithorax and involved the paraverte 
bral gutter, It extended from the apex to the base. In the lower lobe, there were five smal] 
bronchopleural fistulas. Both the upper and lower lobes were collapsed, including the apex. 


The collapse of the lung was an estimated 50 per cent. The empyema cavity also extended 
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deep into the interlobar fissure. The lung was covered with a white fibrous exudate averaging 
2 mm, in thickness. It did not expand on positive pressure.  Decortication was begun, but 
was difficult. Im some areas, the inflammatory process was found to be pathologically chronic, 
and therefore a visceral pleurectomy was necessary in such areas. The five bronchopleural 
fistulas and several small lacerations produced during the pleurectomy were closed with fine 
silk sutures. The lung was freed circumferentially also, Following this, the lung expanded 
moderately well under positive pressure, but not completely. Over the surface of the lung 
not involved in the empyema, there was a thick fibrous membrane difficult to remove. No 
attempt was made to decorticate the parietal pleura, The intercostal nerves were injected 
with a 1 per cent Novocain solution and 100,000 units of penicillin in 200 c.c. of 


normal 
saline solution were instilled into the pleural cavity. Intercostal catheters for postoperative 


underwater drainage were placed in the second and fifth interspaces anteriorly and in’ the 








; Fig. 7 (Case 5).—The photomicrograph shows fusion between the empyema capsule, 
Visceral pleura, and a thin rim of the periphery of the lung, indicating pathologic chronicity of 
the empyema in some areas in this case (150). 


seventh interspace in the posterion axillary line. After re-expansion of the lung, the major 
wound was closed in layers with interrupted silk, without drainage and without pericostal 
sutures. The ninth rib drainage wound was excised and then closed in’ similar manner. 
During the operation, 2,000 ¢.c. of citrated blood, 500 ¢.c. of plasma, and 1,000 ¢.c. of normal 


saline solution were given intravenously. Bronchoscopy was performed after operation, The 





patient ’s condition was good throughout, though mild shock was evident at the end. The 
two anterior intrapleural drains were opened under water immediately following operation. 
The opening of the posterior drain was delayed for four hours to prevent the prior escape of 
penicillin. 

Microscopic sections of the excised visceral pleural element of the capsule of the 
empyema showed an essentially fibrous tissue base covered with granulation tissue. Adjacent 
to the base in some areas, there was collapsed lung tissue showing lymphocytic infiltration 
(Fig. 7). 

Penicillin, 20,000 units every three hours, was given intramuscularly for two days 


before secondary decortication and was continued following operation. 
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5).—Presistent or recurrent small empyema cavity on the left. 
9 (Case 5).—Lateral projection of chest shown in Fig. 8 The arrows point to the 
the empyema cavity in this view. 
10 (Case 5).—Left lung completely expanded: no evidence of empyema. 
11 (Case 5).—KEighteen months following secondary decortication; no evidence of 
on the left. 
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Following operation, the temperature rose to 101.0° F. for the first three days and 
100.0° EF, for the succeeding seven days. The patient was out of bed on the second post 
operative day. The major thoracotomy wound and the ninth rib drainage wound healed per 
primam., The two anterior intrapleural drains were removed on the fourth postoperative day, 
The remaining drain was removed on the eleventh postoperative day. The drains had been 
irrigated with penicillin solution infrequently. At no time was there purulent drainage, Also 
on the eleventh postoperative day, he became afebrile, and penicillin therapy was discontinued, 
Roentgenograms of the thorax at this time indicated persisting fluid at the left base. Thora 
centesis was performed at four sites but no fluid was encountered. Roentgenograms repeated 
several days later showed a residual pleural pocket containing fluid and air in the left para 
vertebral gutter with its inferior extent at the level of the sixth interspace (Figs. 8 and 9) 
Thoracentesis at this site was productive of 20 ¢.¢. of thick odorless pus and some air, A 
culture of the pus was positive for nonhemolytic Staph. aureus. After several instillations 
of a penicillin solution into the cavity on successive days, there was no decrease in its size. 
Also the patient tasted the penicillin. Drainage of the small recurrent or persistent empyema 
cavity with a bronchopleural fistula was indicated, 

On July 2, 1946, twenty-one days after the secondary decortication, a short segment of 
the seventh rib was resected subperiosteally, and the empvema Was entered. The cavity was 
small, with an estimated capacity of 30 ¢.c. The bronchopleural fistula was not seen. A 
large rubber tube was inserted, and open drainage was instituted, 

Thereafter his course was uneventful, and he was discharged from the hospital July 
8, 1946. 


He returned at intervals to the outpatient clinic for dressings and observation. By 


Aug. 15, 1946, the bronchopleural fistula had closed, the eavity had been obliterated, and the 


drainage tube discarded. By Aug. 27, 1946, the wound had healed completely, and the patient 


was considered well (Fig. 10). When last seen on Jan. 6, 1948, there was no elinical or 


roentgenographie evidence of persistence or recurrence of the empyema (Fig. 11). 


COMMENT 


Even though a small empyema requiring secondary drainage followed the 
decortication, the patient was considered markedly improved, the possibility of 


Iassive chronie empyema having been averted. 


SUMMARY 


1. The rationale for pulmonary decortication in the treatment of selected 
cases of early pyogenic empyema is presented. 
2. The pathology of empyema is reviewed, and the rationale based thereon. 
3. The indications for primary and secondary decortication, and the 
optimum time for their performanee, are given. 
4. Five patients so treated are reported upon. 
». In two cases with treatment by primary decortication, prompt cure of 
the empyema followed. 
6. In three cases with treatment by secondary decortication, marked im- 
provement followed. 
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_ scireone maa pulmonary complications present a major hazard in any 
postoperative patient and they add considerably to the mortality and mor- 
bidity of all types of surgery. Pulmonary complications fall into two general 
eroups—those associated with thromboembolism and those related to atelectasis 
and infection. The embolie¢ complications have been the subject of widespread 
interest during recent years and it is reasonable to assume that their incidence 
will be reduced by the judicious use of anticoagulants and proximal vein liga- 
tion. The prophylaxis of complications associated with pulmonary infection has 
received less attention although chemotherapeutic agents are now available 
whieh, when properly used, should materially reduce the incidence of postopera- 
tive pneumonias. The second type of complication is the subject of this report 
and is based on our experience during the past vear using prophylactie penicillin 
and or streptomycin administered by inhalation in a micropulverized form. This 
method of administration has been deseribed by Taplin and Bryan! and has 
heen found to have definite advantages in postoperative patients. The routine 
prophylactic use of chemotherapy has reduced our incidence of pneumonic ¢om- 
plications in major abdominal and thoracic surgery from the neighborhood of 
IS per cent to 2 per cent. 

The pathogenesis ot postoperative pulmonary infection Is probably SOnMe- 
what different from the typical lobar pneumonia due to a primary infection 
with the pneumococcus. Postoperative pneumonias are frequently due to bae- 
teria which are considered nonpathogenic¢ in the throat but whieh become patho- 
venice in the lung when the normal mechanism of clearing the tracheobronchial 
tree of secretions is disturbed following an anesthetie. It is quite probable that 
most postoperative pneumonias begin as small areas of atelectasis due to retained 


secretion in the bronchi, and these atelectatie areas of the lune are fertile soil 


for bacteria that under less favorable cireumstanees would not be virulent. There 
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is also the occasional patient who develops typical lobar pneumonia in the post 
operative period but the bronchial type is more common. Many reports?'* have 
indicated that the majority of bacteria found in the upper respiratory tract 
are susceptible to penicillin and/or streptomycin. By the use of appropriate 
therapy, the quantity of bacteria can be greatly reduced and, at times, sterile 
cultures of sputum ean be obtained. It seemed logical, therefore, to determine 
by culture the predominant bacteria in the upper respiratory tract of surgical 


patients before operation and to test the sensitivity of the organisms to penicillin 


and streptomycin. The number of bacteria can then be reduced by appropriate 


chemotherapy and the dangers of postoperative pulmonary infeetion reduced. 

It should be emphasized that prophylactic chemotherapy by itself is not 
the only important feature Ina program designed to minimize postoperative pul- 
monary infection. It must be supplemented by the commonly accepted mechan- 
ical measures used to prevent the accumulation of secretions in the tracheo- 
bronchial tree and to increase pulmonary ventilation. The patient’s airway 
should be kept free during and after the anesthetic period by tracheal suction 
and, if necessary, by bronchoscopic aspiration. During the early postoperative 
period the patient’s position should be changed frequently, he should be en- 
couraged to cough up mucus, and hyperventilation should be carried out with 
carbon dioxide. Early ambulation should be encouraged and heavy sedation 
with morphine avoided. The injection of intercostal nerves with local anestheties 
such as eucupin in oil'® will decrease the amount of pain in the upper abdominal 
and thoracie wounds and this method has been used in many of the eases to be 
reported. These standard prophylactic measures were used in all the patients 
studied and their pre- and postoperative management differed only in regard to 
penicillin or streptomycin administered by inhalation. Many patients in both 
eroups also received penicillin by the intramuscular route. 

Routine preoperative sputum cultures were made on all patients studied 
or, if no sputum was available, the posterior pharynx was cultured. The bacteria 
were identified by the usual laboratory methods. Penicillin and streptomycin 
sensitivity was determined by the method of Fleming?’ and patients with more 


resistant strains of bacteria received larger doses of the chemotherapeutie agent. 


OBSERVATIONS 


Preoperative sputum andor nasopharyngeal cultures were studied in 195 
patients (Table [). These patients were for the most part studied during the 
winter months and Streptococcus viridans was found in 183 out of the 195 eases. 
The other bacteria found are listed and it is noteworthy that Neisseria catar 
rhalis and Staphylococcus albus oceurred with much higher frequeney than the 
pHheumMococeus. Nearly all the bacteria encountered were sensitive to penicillin 
and /or streptomyein. 

Forty patients were studied who received penicillin by atomizer (thirty- 
four cases) or mist type aerosol (six cases) for two days before and after opera- 
tion (Table II). This group showed a definite reduction in the number of 
penicillin-sensitive bacteria present following therapy, but there was not the 
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MICROORGANISMS CULTURED FROM NASOPHARYNX AND SPUTUM PRIOR TO ANY 
THERAPY 195 CASES 


PENICILLIN SENSITIVITY STREPTOMYCIN SENSITIVITY 


NUMBER NUMBER 
NUMBER OF SENSITIVE NUMBER OF SENSITIVI 
ORGANISMS CASES (PER CENT ) CASES (PER CENT) 

Streptococe! 

Str. viridans 1S3 Qe? 103 99 
Str. hemolyticus 10 yh) 10 Qi) 

Str. anhemolyticus 1 3 S4 
N. catarrhalis Qf} 3 100 
Esch. coli 16 ; 100 
H. influenza hemolyticus 3 53 100 
Ht. influenza 3 3: Ds 100 
Staphylococci 

Staph. aureus hem, 33 5 ‘ 100 

Staph. albus DD 3 f a6 
Pneumococe! ‘ 100 
Friedlinder’s bacillus 3 3 1O0 
M. tetragenus j ‘ 100 
Yeast ‘ 10 
Diphtheroids Z 100 
B. pyocyaneus 100 


postoperative reduction in) pulmonary complications that had been expected. 


We had believed that penicillin given by ordinary throat-spray atomizer would 
he sufficient to eliminate penicillin-sensitive organisms but there is apparently 
a need for greater intrapulmonary penetration by the antibiotic. For example, 
in those patients in whom Str. viridans were present preoperatively, 97 per cent 
of the organisms were sensitive to penicillin but one-half the patients still had 
positive cultures postoperatively after specific therapy. A> similar series of 
seventy-five cases is recorded in Table TIT, but the patients were treated with 
micropulverized penicillin mixtures rather than by the atomized or usual aerosol 
method. In this series, the Str. viridans were found to be 100 per cent sensitive 
preoperatively and only one positive culture was found postoperatively after 


treatment. The number of cultures positive for Staph. aureus hemolvticus was 


TABLE IT. ANALYSIS OF THE RESPIRATORY FLORA BEFORE AND AFTER PENICILLIN PROPHYLAXIS 
By ATOMIZER, 34 CASES; AEROSOL, 6 CASES) 


PREOPERATIVE POSTOPERATIVE 
NUMBER NUMBER OF CASES 
NUMBER OF SENSITIVE ORGANISM PRESENT 
BACTERIA CASES (PER CENT ) DURING P.O. PERIOD 
Streptococes 
Str. viridans “4 97 
Str. hem. > 100 
N. catarrhalis () 
Esch. coli 0) 
Staph. albus ( 100 
Staph. aureus hem. : 9] 
H. influenza hem. 100 
H. influenza : 2) 
Yeast ‘ 0 
h. proteus 
b. Friedlinder’s Z 0) 
Pneumococcus : 100 


*Patients received 100,000 units per day (25,000 units for four doses) for two days prior 
to operation and for two days after operation. 
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It is note- 


worthy that there was an inereased number of cultures positive for Escherichia 


coli after this therapy, but there were no postoperative pulmonary infections 


which were considered to result from infection with this organism. 


Streptomycin was also used in forty cases pre- 


the bacteriologic data are recorded in Table LTV. 


tered 
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micronized 


form and according 


and postoperatively and 


The streptomycin was adminis- 


to the dosaeve schedule outlined 


(Table IV). Str. viridans was also the most commonly encountered oreanism in 


this series and it was present in thirty, -one out of the forty CASES. 
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the fact that it was 100 per cent sensitive to streptomycin preoperatively. — It 
appears that resistance to streptomyein developed rapidly, as only 30° per cent 


of the positive postoperative cultures were streptomyecin-sensitive. VV. catar-* 





rhalis was also 100 per cent sensitive in preoperative cultures and only one 





positive culture was found after treatment. It is interesting that in ten out of 





the forty patients (25 per cent), the postoperative sputum and/or naso 





pharyngeal cultures were sterile following therapy with streptomycin. 





The results of the prophylactic pre- and postoperative use of penicillin 





and streptomycin by inhalation are summarized in Table Vo During the period 





of time in which this study was in progress, it was impossible to obtain a series 





of eases in which alternate patients were used as controls, but an attempt has 








heen made to compare the treated patients with similar untreated series. Fifty 





consecutive major abdominal and thoracic surgical cases were analyzed covering 





a period of February and March, 1946. Many of the patients in this series of 





fifty and in the ninety-six control cases studied in 1946 to 1947 received penicillin 





intramuscularly postoperatively, but none received it by inhalation. The  pa- 





tients In all of the control cases were treated with the commonly accepted 





methods designed to prevent postoperative complications as outlined previously. 





The postoperative pulmonary complications were divided into three types 





bronchitis, bronchopneumonia, and definite atelectasis with or without pneu- 





monia. The patients were followed very closely and with any suspicion ot pul- 





monary complications, repeated x-rays were taken, 





The gross percentage of pulmonary complications in the periods studied in 





1946 to 1947 was 18.0 and 18.7 per cent, respectively, when no inhalation anti- 





biotic therapy was given. The forty patients receiving penicillin by the atomizer 





or aerosol method had a 20 per cent incidence of complications, but those reeeiv- 





ing the micropulverized form had only a 2 per cent incidence. This difference 





in results may be due in part to poorer pulmonary penetration of the atomized 








penicillin. Three patients treated with aerosol developed postoperative pul- 





monary infections due to penicillin-resistant organisms and these cannot be 






considered aerosol failures. Forty patients received micronized streptomycin 













TABLE V. POSTOPERATIVE PULMONARY COMPLICATIONS 









PREATMEN1 PER 
i BER PRE & POST PULMONARY COMPLICATIONS roval CEN 
DATES OPERATIVI BRONCHITIS | BR. PN. |ATELECTASIS NO, COMPL. 








Feb. 


1946 


& Mar. None 2 t <4 +] IS 














50 June & July None l 7 2 10 20 
1946 

96 Nov. 1946 None 3 11 i 18 18.7 
Apr. 1947 

1) Mar. & Apr. \erosol 0) S 0) S 2) 
1947 penicillin 

75 May & June *47 Micronized l 0) l Z 2.6 
Noy. & Dee. 47 penicillin 

Hi) May & June Micronized 0 0 0 () 0) 
L947 streptomycin 






} Dose: Penicillin, 25,000 units four times per day for two days before and after operation; 
streptomycin, 100,000 units three times per day for two days before and after operation. 
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and there were no postoperative pulmonary complications. Because the micron- 


ized forms of the drugs were used in the spring and summer months, a similar 
but untreated series of cases was analyzed from the summer of 1946, and the 
incidence of complications was 20 per cent. It should be strongly emphasized 
that the percentage incidence of postoperative complications does not reflect 
the severity of the complication. Many were mild and did not prolong the 
postoperative convalescence appreciably, while others were a definite postopera- 
tive setback or catastrophe. The true situation cannot be analyzed until more 
extensive morbidity and mortality data are available. It is obvious that post- 
operative pulmonary complications in larger series will not be reduced to zero 
by using mieronized streptomycin as they were in this small series of only forty 
patients. 


The apparent value of the therapy is illustrated by the following ease report. 


CASE REPORT 


Case | (Strong Memorial Hospital No, 255903 ).—E. W., an 80-year-old white widower, 
was admitted to Strong Memorial Hospital on Nov. 11, 1946. 

Presenting Illness.—The patient had a six months’ history of fullness in the epigas 
trium and regurgitation after eating solid foods, which had beeome progressively more 
severe, At the time of admission, he was capable of retaining liquids only and had = sus 
tained marked weight loss. 

Physical Eramination.—A fairly well-developed, somewhat emaciated, S0-vear-old) white 
man who appeared chronically ill, coughed frequently The trachea deviated to the left. 
The chest was emphysematous with coarse rales audible over the main portion of the bronchial 
tree. Heart sounds were faint and regular. There were moderate right epigastric tenderness 
and spasm, no masses palpable. Remainder of the examination was not remarkable. 

Laboratory.—Examination revealed Wassermann, negative; red blood cells, 4.67 million ; 
hemoglobin, 17 mg. per cent; white blood cells, 8,000; differential, normal; urine, negative; 

> 1/9 


stool, guaiac negative; total protein, 5.6 Gm. per cent; albumin-globulin, 8.1/2.5; non 


_ 


2.5 Bodansky units. X-ray studies 


protein nitrogen, 58S mg. per cent; alkaline phosphate, 
and esophagoscopy established the diagnosis of carcinoma of the distal third of the esophagus. 

At the time of admission the patient’s general physical condition would not permit 
surgical removal of the esophageal lesion because of purulent bronchitis, weakness, and poor 
nutrition, His sputum culture contained (1) Friedliinder’s bacilli, penicillin-resistant; (2) 
nonhemolytic influenzae, penicillin-resistant; (3, 4, and 5) pneumococci, hemolytic streptococel, 
and Str. viridans, all penicillin-sensitive. Aerosol penicillin was started, 25,000 units eight 
times daily, on November 18. After several days of aerosol penicillin therapy, the sputum 
was markedly decreased in volume and penicillin sensitive organisms were absent, but Fried 
liinder’s bacilli remained. A transthoracic esophageal resection and esophagogastrostom) 
were performed on December 5 by one of us (E. B. M.) 

On the first postoperative day, the patient was alert and conscious but was seen to be 
more dyspneic, There were moist rales over both lung fields, and bronchoscopy was per 
ht main bronchus, which 


formed with removal of a large formed plug of mucus from the rig 
was cultured. Aerosol penicillin was started again, as streptomycin was not available. 
Bronchoscopy was repeated on the second postoperative day with removal of another mucus 
plug. Cultures of the aspirated material showed Friedlinder’s bacilli only on both occasions. 
Coarse, moist rales were heard throughout both lung fields. Roentgenograms showed early 
bilateral bronchopneumonia and atelectasis on the left. Streptomycin was started, .25 Gm. 
every six hours intramuscularly and 100 mg. every six hours in 1 ¢.c. saline solution by 
aerosol, On the third postoperative day the patient’s lungs were fairly clear and_ vital 
signs were definitely improved. Sputum culture on the fourth day, after two days of strep 
tomycin aerosol therapy, contained no organisms and lungs were clear. He continued to 


improve rapidly and was discharged on the fifteenth postoperative day. 
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We feel sure that if this patient had reeeived both penicillin and. strep- 
| 


tomvein preoperatively, the bronehial tree could have been sterilized and the 





postoperative pneumonia prevented. When this patient was studied pre- 





operatively, streptomycin was not available in the hospital for prophylactic use. 





This case demonstrates the clinical value of thorough pre- and postoperative 





bacterial study of the sputum. 





DISCUSSION 










The results obtained indieate that more emphasis should be placed upon 
the importance of the normal flora of the respiratory tract in the etiology of 


postoperative pulmonary infections. The majority of bacteria commonly found 





in the upper respiratory tract are sensitive to penicillin and or streptomyein 








and lv using preoperative prophylactic chemotherapy, their numbers may he 








reduced or completely eliminated. Chemotherapy should also be continued for 





several days after operation until the patient is again able to clear the tracheo- 





bronehial tree of secretions, or longer if a speeifie indication exists. The pro- 





phylactic treatment appears to be of specific value if preoperative cultures 





show bacteria, such as Sfr. viridans, whieh may be pathogenic. It is particularly 





important if preoperative cultures show definite pathogens such as Str. hemo- 





lyticus, pneumococei, or Friedlinder’s bacilli, as the vast majority of  post- 





operative pneumonias are due to bacteria present in the respiratory tract 





preoperatively. The chemotherapy should obviously be supplemented by all 





the other prophylactic measures which help to maintain an adequate airway 





and which clear the bronchi of secretions. The value of postoperative tracheal 





aspiration with a eatheter or with the bronchoscope as a means of preventing 





or treating atelectasis cannot be overemphasized. 





This report indicates a rather high incidence of postoperative complications 





in the control groups, but the data are influenced by certain factors. Rochester 





is in an area where an unusually large percentage of the population has 





ehronie sinusitis, and particularly in the winter and = spring, acute upper 





respiratory infections are common. The operations included in this series are 





procedures performed in the upper abdomen and chest which carry a higher 





incidence ot pulmonary complications than lower abdominal procedures or 





operations outside body cavities. The individuals listed as having bronchitis 





were not seriously ill from this complication, but were included in the series if 






f they had fever associated with cough and sputum but no pulmonary consolida- 
tion. This type usually survives with no specifie therapy, but they are made 
| extremely uncomfortable lv the cough, convalescence May he prolonged, and 





the incidence of abdominal wound disruption is increased. The individuals with 





bronchopneumonia and/or atelectasis were all seriously ill, and in these two 





ZrOuUps specific therapy seemed most effective. 





It is not the purpose of this report to compare the relative merits of 





administering penicillin by inhalation in the micronized or micropulverized 





form with administration by other methods; however, this form appears to have 





some advantages in surgical patients with pulmonary complications. Specimens 





of the peripheral portions of the jung have been removed during thoracotomies 
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the prophylactically. Appreeiable 


amounts of penicillin are present in the terminal alveoli, and there is no micro- 


after the patient has reeeived penicillin 






SCOPE evidence that the contact of the finely powdered peniedin has caused 





damage to the pulmonary parenchyma. Therapeutic blood levels are obtained by 





this method and it has been successfully used in the treatment of gonorrheal 





infections of the genital traet.2! The reaction of patients to this form of inhala- 





tion therapy has been, in general, favorable. After preliminary instruction the 





average adult learns to self-administer the required dose of penicillin and the 





procedure usually requires less than five minutes. In our experience, most pa- 





tients prefer the method of inhalation to repeated needle punctures and less time 





is required in the administration of the micropowdered form than with the 





mist type aerosol methods. There are also some disadvantages in this method of 





administration. Three patients have developed urticaria during treatment and 





Sore throat occasionally develops and 
hut it 


one developed a mild asthmatic attack. 





characterized by redness and swelling of the -mucous membranes, 


IS 





subsides as soon as the therapy has been discontinued and is symptomatically 





relieved by the oral administration of antihistamine drugs such as Benadryl. 





SUMMARY 






The incidence of postoperative pulmonary infections can be greatly reduced 
The 


administration of these materials by inhalation in the micropowdered form has 


by the prophyvlactie administration of penicillin and/or streptomyein. 





heen found to be a very satisfactory method, and relatively small doses of the 





chemotherapeutic agent are required. 





Bacteria present in the upper respiratory tract preoperatively are im- 





portant factors in the genesis of postoperative pulmonary infection. Reduetion 





of respiratory complications following upper abdominal and thoracic surgery 





ean be accomplished by measures which minimize atelectasis and promote 





pulmonary ventilation in conjunction with inhalation chemotherapy. 
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THE SIGNIFICANCE OF HEMOPTYSIS IN CARCINOMA OF THE 
THYROID GLAND 


Report OF FouR CASES 


ORVILLE FF, GRIMES, M.D. (BY INVITATION), AND HL. GLENN Bet, M.D. 
SAN FRANCISCO, CALIF. 


(From the De partme nt of Surge re. University of California Me dical School ) 


ALIGNANCY arising in the thyroid gland has long been an interesting 
M problem, especially in regard to its incidence and treatment. The frequeney 
of malignant disease of the thyroid gland is difficult to determine. Various 
reports in the literature indicate the incidence to be from 1.6 to 4.8 per cent. 
Nevertheless, the possibility of the presence of malignaney in a @iven case is so 
infrequently entertained that many times a hopeless state has been reached 
before definitive treatment is instituted. 

The early signs and symptoms of carcinoma of the thyroid gland are few 
and certainly none are pathognomonic. Most carcinoma occurs in nodular 
eoiters, and an increase in the rate of growth of such a gland should make one 
suspect the presence of a malignant change. Once the invasive process has es- 
eaped the confines of the gland, some degree of fixation develops, usually in the 
region of the trachea. If the process is allowed to proceed unchecked, actual 
malignant invasion of the trachea, esophagus, larynx, or hypopharynx may 
occur. Cough, at first productive, later blood stained, is likely to develop. On 
the other hand, repeated small or large hemoptyvses may occur without an ac- 
companying cough. 

The presence of hemoptysis, whether or not a visible or palpable goiter is 
present, should suggest the possibility that malignant invasion of the trachea, 
larvnx, esophagus, or hypopharynx has occurred. In four patients seen at the 
University of California Hospital, hemoptysis was a prominent symptom draw- 
ing attention to the possibility of mahenant change in a goiter of long duration. 


CASE REPORTS 





Case 1.—C, W., a 66-year-old white man, entered the University of California Hospital 
Sept. 13, 1983, stating that for two vears he had noted bleeding from the mouth and throat, 
which occurred mainly as spotting but occasionally was heavier, Severe hemorrhage, twice of 
about 400 e¢.¢., occurred shortly before entry, A goiter, present for at least twenty years, 
had been enlarging for ten years, and in the six months prior to entry the patient had lost 
thirty-nine pounds. He had no pain, pressure, or obstructive symptoms, nor did he note a 
change in the character of his voice, but he was aware of a ‘‘raw’’ feeling in the throat. 

An irregular enlargement in the region of the thyroid gland displaced the trachea to 
the right. The stony hard mass was more prominent on the left side, moved freely upon 
swallowing, and was firmly fixed to the deep structures. No bruit or thrill was present. There 
were several palpable lymph nodes in the right and left supraclavicular fossae. Indirect 
larvngoscopy showed normal structures throughout. 

At operation an adenomatous cyst occupied the upper two-thirds of the left lobe. A 
lard, inelastic, white mass saddled the trachea, occupied the entire isthmus, and could not 


he detached from the anterior surface of the trachea. This mass was removed as completely 
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as possible along with both thyroid lobes; the remaining raw surface on the trachea was 
cauterized Fig. 1). Microscopie examination revealed papillary carcinoma of the thyroid 
eland., 

The patient received radiation therapy postoperatively via right and left lateral neck 


fields (1,660 r). He died eight months after operation, of ‘*cardiac failure.’ 
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Fig. 1 (Case 1).—The trachea, displaced to the right by the larger adenomatous left 
lobe, is invaded by carcinoma. Destruction of the cartilaginous rings has occurred, thereby 
producing hemoptysis. Complete surgical removal of the tumor was impossible. 


CASE 2.—M. K. S., a 28-year-old white housewife, entered the University of California 
Hospital Sept. 4, 1940, complaining of almost constant dyspnea increased by exertion, a dry 
hacking cough, and an increase in luskiness of a normally husky voice for the previous six 
weeks. The patient stated that in 1935, at the age of 18 vears, she had noted a firm, slowly 
growing mass in the right anterior part of the neck which caused no svmptoms. She received 
Lugol’s solution for six months without noticeable effect. The nodule was removed surgically 
elsewhere in 1936. Two years later the nodule reappeared, growing progressively to twice 
ht lobectomy was performed 


its former size, but remaining asymptomatic. In 1989 a4 
elsewhere. The thyroid gland was said to be ‘* very nodular.’’ The mass again reeurred and 
slowly increased in size until the patient’s entry in 1940. 

The patient underwent the third partial thyroidectomy Sept. 5, 1940. The adenomas 


had broken through the deep and superficial fascial layers in the midline over the trachea so 


that they lay directly beneath the skin and subcutaneous tissues in the suprasternal noteh. 
The left lobe was exposed and was found to be entirely normal. The right side of 
the neck was completely filled with a large mass of multiple adenomas which were 
very soft and cellular. The tumor mass extended well down in the right chest and well 
back behind the trachen on the right. There had been some erosion of the tracheal ring 
just below the thyroid cartilage. The entire right-sided mass was removed so that no thyroid 
tissue remained as far as could be determined (Fig. 2). A pathologie diagnosis of pro 
liferating thyroid adenomas and degenerating adenomas with cyst formation was made. 
This patient re-entered the University of California Hospital Nov. 28, 1946, stating 
that for as long as a year previously she had had minor hemoptyses which were said to be 


due to a mucous crust on the posterior nasopharynx. Two months before entry she had noted 
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Fig. 2 (Case 2).—The right side of the neck was filled with a mass of multiple adenomas 
Which had broken through the deep and superficial fascia. Early erosion of the cartilaginous 


rings was evident. The entire right-sided mass was removed completely. 





Fig. 3 (Case 2).—The recurrent malignant tissue is limited to the right side. Carcinom- 
atous tissue has perforated the capsule of the nodule, destroyed a cartilaginous ring of the 
trachea, and protrudes as a polypoid mass within the tracheal lumen. Note the narrow area 
of destruction. The intratracheal extension as well as the involved portion of the trachea was 
removed along with the recurrent nodule. 
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wu recurrence of the nodule over the trachea which grew slowly but progressively in size. One 


week previously she had had a hemoptysis of bright red blood (about 200 ¢.c.) without 
systemic symptoms, Pharyngeal, laryngeal, and bronchoscopic examinations failed to reveal 
the site of the hemorrhage. A roentgenogram of the chest showed no abnormal findings. 


Re-evaluation of the material removed at Operation in 1940 revealed several vascular 
channels showing invasion of their lumina by neoplastie tissue. Hence the diagnosis was 
changed to adenocarcinoma of the thyroid gland. 

At surgery, Noy. 29, 1946, there was no thyroid tissue in the usual location of the right 
lobe. Lying along the cricoid cartilage and just below it was a mass of tissue about 4 em, in 


diameter which had eroded through the cartilaginous rings on the posterolateral surface so 


that there was an absence of cartilage for a distance of about 5 mm. <At this level a mass of 
tissue measuring about 5 mm. in diameter projected into the trachea (Fig. 3). This was re 


moved together with the tissue in the anterior neck. It was then possible to close the trachea 
with ureteral catgut and reinforce the ring with OOO catgut sutures. 

Histologic examination showed the excised tissue to be an adenocarcinoma (recurrent ) 
of the thyroid gland (Fig. +). In the fourteen months since surgery there has been no reeur 


rence of the tumor nor of the hemoptysis. 





Fig. 4 (Case 2). Photomicrograph of a portion of the involved trachea, Invasion and 
destruction of the cartilaginous trachea rings are evident. The microscopic pattern is one 
of an adenocarcinoma. 


Case 3.—F. F., a 50-year-old American Indian woman, came to the University of 
California Hospital in November, 1944, stating that for two months she had experienced 
hemoptysis and regurgitation of mucosanguineous material, pain in the anterior cervical 
region, and a choking sensation when swallowing. She had lost considerable weight since the 
onset of symptoms, and her voice had become progressively husky. At about this same time she 
noted a swelling in the right anterior part of the neck. 

Examination revealed a smooth, hard, 4 by 4 em. mass occupying the right thyroid 
lobe. Fixation to the deep tissues was evident, and the mass moved with swallowing. The 


trachea was deviated to the left. Indirect laryngoscopy revealed a large (3.0 by 1.5 em.) 
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smooth, spongy mass in the region of the arytenoids and pharvngeal wall having the appear 


ance of two lobes separated by a shallow median furrow. There was evidence of recent bleed 
ing from the superior aspect of the right side of the mass (Fig. 5 

X-ray films of the chest appeared normal. Views of the neck showed a partially cal 
cified mass on the right side in the region of the thyroid gland, The trachea and the 
esophagus were deviated to the left, and considerable displacement of the esophagus at the 
level of the larynx immediately anterior to the fifth and sixth cervical vertebrae was apparent. 


The trachea was only slightly compressed as seen in the lateral view (Fig. 6 
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Fig. 5 (Case 3).—The partially calcified mass displaces the trachea to the left and is 
firmly adherent to it and the larynx. Extension has occurred into the hypopharynx presenting 
as a bilobed tumor partially overlying the vocal cords. The hemorrhasic area indicates the 
source of the hemoptysis. The esophagus is displaced forward by malignant tissue lying 
posterior to it. 


The first biopsy from the hypopharyngeal mass showed only submucosal hemorrhage 
With organization, However, a second biopsy (in effect a partial removal of the tumor) 
showed the hypopharyngeal tumor to be a papillary adenocarcinoma of the thyroid gland. 

During December, 1944, the patient was given roentgen therapy (6,000 r through right 
and left lateral neck fields) which resulted in considerable decrease in szie of hypopharyngeal 
tumor. On examination three, twelve, and eighteen months after the conclusion of therapy, 
the larynx and vocal cords were entirely normal in appearance, and there was no evidence of 
metastases within the chest, The mass in the right thyroid lobe by this time had become even 
more fixed and hard; roentgenograms of the neck showed the anterior displacement of the 
esophagus to be essentially the same as in 1944. 

Since the hypopharyngeal tumor had disappeared by irradiation therapy, there was 
some hope that the primary tumor might be eradicated. Hence this patient was operated 
upon in October, 1946. A rocklike tumor of granular consistency was found to be invading 


the sternothyroid muscle and the esophagus and was firmly adherent to the larynx and trachea. 
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Puckering on the mucosal surface of the esophagus could be felt through the patient ‘s mouth. 
The tumor was excised as completely as could be done without endangering the larynx and 
esophagus. 

Radioactive iodine (250° microcuries) Was given preoperatively in the hope that the 
tumor would take up the substance in a quantity sufficient for treatment. However, none of 


the radioactive material was absorbed by the tumor. 


Fig. 6 (Cast 3). Photograph of roentgenogram showing the anterior displacement of 
the esophagus at the level of the larynx by invasion of malignant tissue posterior to it. 


The patient was discharged for follow up care to her own County Hospital after she 
declined further roentgen therapy at this hospital. She was last seen ten months after 
surgery. At this time there was no evidence of intrathoracic metastasis nor of local recur 


rence. Weight was being maintained, 


Cask 4.—R. P., a 60-year-old white man, came to the University of California Hospital 
stating that he had noted progressive symptoms of hoarseness, difficulty in clearing the throat, 
and dysphagia for the preceding two vears. Six months prior to admission he noted a firm, 
painless mass in the lower anterior part of the neck which had gradually increased in size. 
There had been an occasional small hemoptysis. 

Physical examination revealed an elderly man showing evidence of chronic debilitating 
disease. A dry hacking cough with wheezing and a hoarse voice were noted. A mass in the 
low anterior cervical region, apparently an enlarged thyroid gland, displaced the trachea to 
the right and was firmly adherent to it but not to the overlying skin. There were no palpable 
Ivmph nodes, 

Indirect laryngoscopy revealed swelling and anterior rotation of the arytenoids, The 
false cords were used for phonation. The larynx was compressed so that the anteroposterior 
diameter was lessened. The cord on the left was indurated and somewhat swollen, but with 
out evident mucosal erosion (Fig. 7). X-ray studies revealed no air in the larynx. 

The mass in the thyroid together with the intralaryngeal encroachment pointed toward 
the presence of a primary thyroid carcinoma invading through the thyroid cartilage into the 


laryux. However, a biopsy of the anterior cervical mass showed it to be composed of 


squamous-cell carcinoma, pointing definitely toward a primary focus in the larynx. 


Beeause of the possibility that malignant invasion of the cartilaginous structures about 


the larynx had already occurred, surgery appeared advisable. A total laryngectomy with sub 
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Fig. 7 (Case 4).—The larger left thyroid lobe displaces the trachea slightly to the right. 
The gland is firmly adherent to the deep structures, especially the larynx. The bulging mass 
in the left vocal cord is an epidermoid carcinoma which has invaded the larynx and the left 
lobe of the thyroid gland. 


Photomicrograph indicating the squamous-cell variety of carcinoma of the 
vocal cord which has secondarily invaded the thyroid gland 
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total resection of the involved thyroid land Was done, The right lobe of the thyroid eland 
was normal and exhibited a discrete capsule. The left lobe, which was firm and nodular, was 


adherent to the sternothyroid muscle and to the trachea and thyroid cartilage. This portion 
of the thyroid gland, along with the adherent sternothvroid muscle, was removed with the 
Jarynx. 

Study of the specimen showed that the primary tumor had arisen in the left voeal cord, 
There was Invasion by squamous cell carcinoma of the left thyroid cartilage, left lobe of the 
thvroid gland, left sternothyroid muscle, and the intervening connective tisue of the neck 

Fig. 8). In the fourteen months following surgery the patient gained fifteen pounds and 


developed an esophageal voice. There was no evidence of recurrence of the malignant process. 


DISCUSSION 


Direct extension of malignant disease of the thyroid gland into adjacent 
structures accounts for fixation and for the possible occurrence ot hemoptysis. 
The closely packed nature of the structures of the neck makes for malignant 
involvement of the trachea, larynx, esophagus, or hypopharynx at a rather early 
stage in the progress of the disease. Hemoptysis may be the only symptom ot 
which the patient complains; he may be entirely unaware of a goiter. The possi- 
bility of a secondary malignaney from a primary lesion in the thyroid gland 
should not be overlooked. Hemoptysis may also occur with a lesion primary in 
the larynx, trachea, or hypopharynx secondarily invading the soft structures 
of the anterior compartments of the neck, notably the thyroid gland. 

In some instances, laryngoscopy or bronchoscopy may fail to reveal intra- 
tracheal malignant invasion if the lesion is well hidden by intact voeal cords. 
In most cases, however, the presence or absence of malignant involvement can 
he determined by such procedures. Usually the process assumes a polypoid 
form if it projects freely into the tracheal or laryngeal lumen. When the hypo- 
pharynx is involved, a bulging mass over-lapping the vocal cords may be 
seen. Mucosal ulceration may not be demonstrable in spite of a definite histor, 
of hemoptysis. 

The red flag of hemoptysis unfortunately is a danger signal received too 
late. When the carcinoma has grown through its capsule and has infiltrated the 
surrounding tissue and invaded other structures of the neck, it has reached an 
incurable state. The early discovery of firmness, fixation, and evidence of in- 
vasion in a goiter showing accelerated growth immeasurably adds to the possi- 
hilitv of eure of carcinoma of the thyroid gland. Efforts should be directed 
toward establishing the diagnosis and instituting treatment at the earliest 
possible moment. 

SUMMARY 


Four patients complaining primarily of hemoptysis in the presence of a 
voiter noted for varying periods of time were found to have malignant disease 
in the thyroid gland. In three cases the primary disease was carcinoma of the 
thyroid gland; in the fourth a squamous-cell carcinoma of the voeal cord had 
secondarily invaded the thyroid gland. The eases are reported in an effort to 
emphasize the fact that hemoptysis in association with goiter, especially one which 
has shown recent growth, should indicate malignaney of the thyroid gland, or 
a malignancy primary in the larynx or hypopharynx secondarily involving the 
thyroid gland. 








CLINICAL AND LABORATORY STUDIES ON THE UPTAKE OF 
RADIOACTIVE PHOSPHORUS BY LESIONS OF THE BREAST 


H. J. MceCorkur, M.D., B. V. A. Low-Brer, M.D. (By INVITATION ), 
H. GLENN Beni, M.D., AND Ropert S. STONE, M.D. (BY INVITATION ), 
SAN FRANCISCO, C:ALIP. 


From the Divisions of Radiology and Surgery of the University of California Medical Se hool) 


ISSUES in which there is markedly increased metabolic activity such as 

acute inflammation and rapidly growing tumors show increased concentra- 
tion of phosphorus when compared with similar normal structures. A study ot 
the uptake and concentration of tracer doses of radioactive phosphorus by vari- 
ous pathologie conditions of the female breast was begun at the University of 
California Hospital in October, 1945. 

Kighty patients with various types of breast lesions have been given tracer 
doses consisting of 300 to 500 microcuries of radioactivated phosphorus (P**) 
as di-sodium-hydrogen-phosphate (Na.HPO,) solution intravenously. Radio- 
activity over body surfaces was detected with a Geiger-Mueller counter with a 
counter tube having a circular mica window 2 em, in diameter placed at a dis- 
tance of S mm, from the body surface. Skin surface measurements of radio- 
activity were made in living patients over breast lesions and over comparable 
areas in the opposite normal breast; over enlarged axillary and cervieal glands 
and comparable areas on the opposite side; and over superficial nodules in the 
breast area in which the possibility of metastatic malignant disease or inflam- 
matory processes were suspected. Usually several series of measurements were 
made during a period of forty-eight hours following the administration of the 
tracer dose of radioactive phosphorus. In the patients who required operations 
for breast lesions, the tracer dose of radioactive phosphorus was given forty- 
eleght hours prior to operation. Weighed parts of the breast lesions and of 
contiguous comparable normal tissues removed by operation were reduced to 
ashes and determinations of their radioactivity made by the Geiger-Mueller 
counter, Finally the radiologic, clinical, and pathologic data were correlated. 

Complete clinical, radiologic, and pathologie data are available on sixty-two 
of the eighty patients studied by the skin surface measurement method. Figs. 
1 to 8 are diagrams indicating actual skin surface, Geiger-Mueller (scale of 8) 
measurements on some of these patients. Table I demonstrates the method used 
for recording the data obtained by Geiger-Mueller counter from skin surface 
measurements following the administration of tracer doses of radioactive 
phosphorus. 

Twenty-one patients had benign lesions of the breast. Data on these 
patients are recorded in Table IT. 

Forty-one patients with malignant disease of the breast were studied by 
this method, and data on these eases appear in Table IT. 


Read at the meeting of the Society of University Surgeons, New Orleans, La., Jan. 29-31, 
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Fig. 1.—Diagram indicating skin — surface radiation measurements  (Geiger-Mueller 
counter readings, scale of 8) over benign evst of right breast Compared with Comparable area 
over apparently normal opposite breast. 
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Fig. 2.—Diagram indicating skin surface radiation measurements (Geiger-Mueller counter 
readings, scale of &) over acute pyogenic infection of the right breast. 
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Diagram indicating skin surface radiation measurements (Geiger-Mueller 


seale of S&S) over superficial moderately cellular carcinoma of the left breast 
opposite apparently normal breast. 
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Dingram indicating skin surface radiation measurements (Geiger-Mueller counter 


with skin over 


8) over a relatively cellular type of primary carcinoma of the right breast 
opposite normal breast. Note increased readings over both nipples compared 
left (normal) breast. Also note identical readings in both axillae (later opera- 


pathologic examination revealed no disease in axillary lymph nodes). 
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Fig. 5. Diagram indicating skin surface radiation measurements (Gieiger-Mueller 
counter readings, scale of &) over mucoid carcinoma of right breast compared with appar- 
ently normal left breast. 
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lig. 6. Diagram indicating skin surface radiation measurements (Geiger-Mueller counter 
readings, scale of 8) over large ulcerated infected carcinoma of the left bresat. 
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Fig. 7.—Diasram indicating skin surface radiation measurements (Geiger-Mueller counter 
readings, scale of &) over deeply situated (more than 0.5 cm. beneath skin surface) carci- 
noma in a very obese left breast. Note identical readings over lesion in left breast as com- 
pared to normal right breast, and increased readings over relatively more superficial left 
ixillary and left cervical metastases as compared with disease-free right axillary and cer- 
vieal regions. 
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TABLE I, SAMPLE CALCULATION 


GEIGER-MUELLER READINGS 
(SCALE OF S&S 


READING 


ACTUAL MINUS 
READING BACKGROUND 
Background 5 ¢« 8) 
Normal skin surface 30 (x 8) 25 8 
Skin surface over breast tumor 50 (x 8) 15 S 
Difference 15-25 R 0) Q 
ao 8 L00G 
»() S +Y() LO0c, SOC 
or 


Most malignant and acute inflammatory breast lesions +25% or more 





Most benign lesions less than Ch 
TABLE II. SKIN SurRFACE MEASUREMENTS IN BENIGN DISEASE OF THE BREAS'I 
XUMBER PHOSPHORUS UPTAKI 
OF LESS THAN MORE THAN 
CASES 25% 25% 
Fibrocystic disease 10 g 1 (+116%)1t 
Fibroepithelial tumors { | () 
Benign papillomas » » 0) 
Clinieally benign (not operated ] ] () 
Totals 17 16 l 
Intraductal fibroadenoma wit] 1 () 1 (41164) 
necrosis and recent hemorrhage 
Acute pyogenic infection | () 1 (4+392% 
Healing recent surgical incision | 0) 1 (+35% 
Subacute infection around a suture ] () L (110% 
Totals 1 () } 


Skin surface measurements of concentrations of radioactive phosphorus twenty-fou 
rocuries) over be 


lesions and inflammations of the bresst 
\ssay studies of tumor tissue ash confirm unexplained high phosphorus concentration 


this benign breast lesion, 


TABLE TIT. SKIN SURFACE MEASUREMENTS IN MALIGNANT DISEASE OF THE BREAST* 


PHOSPHORUS UPTAKE 


NUM 
BER LESS MORI 
Ok THAN THAN 
CASES L95% H25% 
Primary carcinoma of breast (moderately cellular) 1? () 12 (Av. +42% 
Primary carcinoma of breast (very cellular » (0) 29 (Ay. 41099 
Primary carcinoma of breast (mucoid carcinoma ) 2 , () 
Deeply situated carcinoma in obese breast 2 2 0) 
Very small primary carcinoma (microscopic | | () 
Carcinoma of breast ulcerated and infected | () 1 (Av. +140%) 
Carcinoma of breast posthormone and radiation therapy 2 l l 
Axillary metastases from carcinoma of breast | (0) | Ay. +79%) 
Cervical metastases from carcinoma of breast 5 () 5 (Av. +40%) 
Local postoperative recurrence of carcinoma of breast 6 () 6 (Av. +55%) 
Totals 1] 7 34 


*Skin surface measurements of concentrations of radioactive phosphorus twenty-four to 


fortv-eight hours following administration of tracer doses (300 to 500 microcuries) in malig- 





of the breast. 


disease 
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SUMMARY 

Skin surface measurements of radioactivity were made on SO patients with 
lesions of the breast, following the administration of tracer doses of radioactive 
phosphorus. Clinieal, radiologic and pathologic data are complete in sixty-two. 
Sixteen out of seventeen patients with benign breast lesions including fibrocystic¢ 
disease, fibroepithelial tumors, and papillomas gave skin surface measurements 
comparable to that of normal skin, forty-eight hours following tracer doses of 
radioactive phosphorus, and an unexplained increased reading was obtained in 
one case. In some eases increased readings were obtained over the nipple areas. 
Measurements made in four patients with benign inflammatory lesions showed 
markedly increased radioactivity over the inflamed areas. 

Radioactive phosphorus uptake studies were carried out in forty-one patients 
with malignant disease of the breast. Skin surface measurements of radio- 
activity made over cellular types of primary breast carcinoma, axillary and 
cervical metastatic lesions, and local recurrent carcinomatous nodules all exceeded 
by more than 25 per cent measurements taken over comparable apparently nor- 
tnal tissues. Measurements made over ulcerated infected carcinomatous lesions 
were markedly increased. Measurements taken over very small (microscopic in 
size) mahlgnant lesions, mucoid carcinoma of the breast, and over lesions deeply 
situated (more than 0.5 em. from the skin surface) in obese breasts were eom- 
parable to those made over the skin overlying normal breast tissue. In two 
patients who had had hormone therapy and irradiation for carcinoma of the 
breast, one showed increased readines over the diseased breast tissues and one 
did not. 

CONCLUSION 


(Gieiger-Mueller measurements of skin surface radioactivity made over breast 
lesions during the forty-eight hour period following the administration of tracer 
doses of radioactive phosphorus (300 to 500 microcuries) give interesting and 
useful data for the clinieal, radiologic, and pathologie study of breast lesions. 

This method cannot be used at this time for radiation therapy for lesions of 
the breast. ) 
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THE PREVENTION OF CHEMICAL SLOUGHS 


IDENTIFICATION OF PROCAINE, ALCOHOL, ETHER, Bortc AcID, AND OTHER COLOR- 
LESS SOLUTIONS COMMONLY USED IN THE OPERATING ROOM 


KENNETH L. PrcKRELL, M.D... AND ARTHUR Crecin, M.D. (BY INVITATION ) 
DuRHAM, N, C. 


(From the Division of Plastic Surgery, The Duke Unive rsity School of Medicine and 
Duke Hospital) 


HE usefulness of the procedure of local anesthesia, as practiced by many 

surgeons, as a substitute for general narcosis for operations of short dura- 
tion is universally admitted. The injection of an anesthetic solution at random 
in the structures to be cut through requires little skill or experience and can be 
performed almost indiscriminately in all parts of the body. Despite the 
simplicity of the procedure, accidents from the administration of local anestheties 
have undoubtedly been more numerous than one would be led to believe from 
the few isolated cases which have been reported. While this may be construed as 
indicative of the infrequeney of such accidents, it is probable that many cases 
do not reach the literature. If the latter should be true, we may be lulled into 
a false sense of security. We believe that more accidents and reactions occur 
as the result of injection of the wrong solution than those due to sensitivity to the 
anesthetic agent.'. Few surgeons experiencing the misfortune of administering 
the wrong solution have recorded the accident, though a service might have been 
rendered by repeatedly calling to the attention of the medical profession the 
possibility of mistakes, and emphasizing the need for utilizing the known safe- 
guards in an effort to prevent them. Furthermore, discussion may stimulate 
investigation which may lead to better prophylaxis. It is with this idea in mind 
that we submit the present study. 

Reactions from local anesthetic agents may be divided into three types: (1) 
those presumably dependent upon true hypersensitivity of the patient to the 
drug, (2) those resulting from the absorption of a toxie dose of the drug, and 
(3) those resulting from the administration of the wrong solution. It is with the 
third aspect of the problem that we are primarily concerned here. 

Solutions which may be mistaken for procaine can be divided in three 
classes, their common factor being that they are colorless, and are used frequently 
not only in the operating room but throughout the hospital. Class 7, necrotizing 
solutions such as aleohol, ether, borie acid, concentrated glucose, phenol, and 
formalin. The injection of these materials will induce anesthesia, but necrosis 
of tissue will ensue (Figs. 1, 2,B, 3,4, and 4,4). Class 17, biologically potent 
preparations, such as adrenalin hydrochloride, cocaine hydrochloride, atropine 
sulfate, morphine sulfate, ete. These solutions may cause death if administered 
in sufficient quantity. Class IIT, less potent solutions, such as distilled water, 
hydrogen peroxide, sodium lactate, ete.. may cause severe reactions (Figs. 2,4, 


3,B, and 4,B) 


This work was aided by a grant to Duke University by Davis & Geck, Ine., Brooklyn, 
a 

Read at the meeting of the Society of University Surgeons, New Orleans, La., Jan. 29-31, 
1948. 
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,) Substitution accidents may occur in several ways. The error may have been 
made in the pharmacy where either the wrong or an improper solution was made, 
or the final package was improperly or incompletely labeled and identified. Of 
more frequent occurrence, in our opinion, is the error made by the nurse, or the 
house officer, or the surgeon himself, who having several colorless solutions such 
as alcohol, ether, procaine, cocaine, and saline on the instrument tray, may draw 
* into the syringe the wrong solution for injection. This latter mistake seemingly 
easily avoidable, nevertheless, oceurs all too often. 








OREM 


Fig. 1.—Referred case. Complete slough of the penis following circumcision after 
injection of a supposed local anesthetic. A small projection below the pubic symphysis rep- 
resented the root of the penis, through the center of which urine was voided in a fan-shaped 
stream. 


IDENTIFICATION OF PROCAINE 


| In many large hospitals procaine solutions are prepared in bulk either in 





the pharmacy or in the central supply room. Since this method has certain ad- 
vantages other than economy, it is imperative to be able instantly to distinguish 
and identify procaine from all other colorless solutions. 

Owing to the danger of being misunderstood when procaine is pronounced 
indistinctly, and of the substitution of cocaine, great care should be taken when 
procaine is ordered verbally. 

Odor.—A 1 Gm. pellet of chlorobutanol added to several liters of procaine 
solution will not only act as a preservative, but will impart a faint odor. Beeause 

















Fig. 2.—Referred cases. 1, An infant given ‘fluids’ into the veins of the scalp. When 
the dressing was removed several days later, it was found that large slough had developed. 
B, A lesion developed over the malar region of this elderly man. An unknown prepara- 
tion was injected. Forty-eight hours later, an extensive hemorrhagic slough developed. 





1 B. 


Fig. 3.—Referred cases. 1, Sequel to erroneous infiltration of the upper lip with ether 
prior to the removal of a papilloma. The lesion was immediately excised and the lip profusely 
irrigated with saline solution. The photograph was taken forty-eight hours later, when the 
swelling and reaction had begun to subside. 

B, Slough of the back due to the injection of sodium lactate which had not been 
sufficiently alkalinized. 


S, 
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») of the presence of other odors, whieh may mask that of the chlorobutanol, this 
method of identification is not reliable. 

Surface Tension.-The surface tension of an aqueous solution is such that 
procaine tends to cling to surgeons’ gloves in beads whereas alcohol does not 
stay in droplets, but flows out rapidly over the gloved hand. Ether, likewise, 

tends to disperse and evaporates rapidly. While this method may be helpful, 


the reaction may not always be distinet, especially when the gloves are wet. 
Colored Bottles—Even though proeaine, or other colorless solutions, are 
packaged in different colored bottles, they immediately lose their identity when 
poured out of the original container to be made ready for use. Although the 
possibility of error may be lessened when the solution is drawn from a rubber- 


stoppered container, nevertheless, stock solutions which are used for numerous 


injections are seldom sterile, and their routine use is not encouraged. 








Fig. 4.—Referred cases. A, Slough developing after injection of alcohol instead of a 
local anesthetic for amputation of toes, 


B, Slough following subcutaneous administration of distilled water. 





Colored Beads and Marbles. kor some Vvealrs, brilhantly colored porcelain 
heads were added to small flasks and containers to identity the solution. Large 
colored marbles or glass spheres were put into large flasks, and the identifying 
head or marble would accompany the solution when it was poured out of its 
original container. This method of identification was a very satisfactory one. 
During the war, however, importation of beads and marbles ceased, and domestic 
manufacturers” resources were curtailed, so that these objects were, and still 
are, somewhat difficult to obtain. 





Tinting the Solution.—Sinece the procaine solution itself can be tinted a 
characteristic color, this method has the advantage over all other methods in 
that the solution is easily identified in the svringe before injection, 

Procaine, the diethylaminoethy! ester of para-aminobenzoic acid, is related 
to the sulfonamide compounds and so gives many of the chemical reactions of 


these compounds. When vanillin, 38-methoxy-4-hydroxy benzaldehyde, is added 
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to a solution of procaine, a golden vellow color is formed. The reaction de- 
pends upon the formation of a colored Schiff base when vanillin reacts with 
the paramino groups of procaine. Cocaine remains colorless when vanillin is 
added. One gram of vanillin in one liter of procaine hydrochloride will pro- 
duce a moderately deep yellow color, which is neither changed nor destroyed by 
autoclaving. The stain is readily washed from hospital linen. It does not 
tattoo the skin of human beings or rabbits, rats, guinea pigs, or dogs. The 
vanillin, however, in this concentration—1 Gm. in 1 liter of procaine—renders 
1.74 Gm. of procaine unavailable for anesthesia. This reduces a 0.50 per cent 
solution to 0.33 per cent, a 1 per cent solution to 0.88 per cent, and a 2 per cent 
solution to 1.88 per cent. The toxicity of vanillin is very low. Deiechmann and 
Kitzmiller® found the minimal lethal dose of vanillin by mouth for rabbits to be 
3 Gm. per kilogram ot body weight. When administered subcutaneously, 2.6 
(im. of vanillin per kilogram of body weight killed half of the rats tested. A 
single instance of sensitivity to vanillin has been reported? in which eczema ap- 
peared in a worker, who was not sensitive to the natural product. It is probable 
that other cases might appear, if vanillin were injected into the skin and sub- 
cutaneous tissues. 

The best dve that we have found for staining procaine is ponceau S X 
(Food, Drug and Cosmetic Red No. 4+). A stock solution is made by dissolving 
1 (im. of the dye (88 per cent pure) in one liter of normal saline solution. This 
solution will not deteriorate. A volume of 20 ¢.¢. of this stock solution added 
to 1 liter of procaine—a 1:50,000 solution of the dve—imparts a brilliant pink- 
red color, which is distinctively different from the color of any other solution 
used in the operating room. Repeated autoclaving does not destroy or change 
the color, and the dye is not removed by filtration through paper. The light pink 
stain in linen or clothing washes out readily. It does not tattoo the skin or the 
subcutaneous tissues. No side- or aftereffects have ever been noted even though 
it has been used in those parts of the body where local anesthesia is indicated. 
The pink-red color is readily discernible in a flask, in an aluminum, agate, or 
glass container, and of greater importance to the surgeon, a vivid color is readily 
apparent in the syringe at the beginning of and during the injection (Fig. 6). 


PROCAINE TEST PAPER 


The reaction of paradimethylaminobenzaldehyde with sulfonamides de- 
pends upon the presence of the primary amine group. This reaction was recog- 
nized and emploved by Kiihnau’ in developing a colorimetric method for the 
determination of sulfonamide blood levels. MacKee and associates® have de- 
scribed a reagent, using the same principle, to stain sulfonamides present in 
histologic sections. Since procaine also contains this primary amine group, 
we can expect a similar reaction between this benzaldehyde and procaine. 

A stoek benzaldehyde solution was made by dissolving 0.5 (im. para- 
dimethylaminobenzaldehyde in 500 ¢.c. of water, to which 2 ¢.c. of concentrated 
sulfuric acid had been added. Slight heating may be necessary to bring all 
of the benzaldehyde into solution. This stock solution is light-stable although 
autoclaving has a deleterious effect. When procaine is added to this benzalde- 
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Fig. »5.—Tinting solutions commonly used in the hospital and operating rooms may 
reduce those accidents and reactions which have occurred as the result of the injection of 
the wrong solution. 

Fig. 6.—When colorless or red tinted procaine comes into contact with our procaine 
test paper, a vivid yellow color is formed. If the surgeon is using the colorless solution, the 
test should be made immediately before the injection by squirting a few drops from. the 
syringe onto the test paper. 
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hvde-sulfurie¢ acid solution, a brilliant vellow color is formed. It was felt, how- 
ever, that the use of a test paper would be simpler than a test solution. Using 
this same principle, procaine test papers were made in the following way. 

A half package of filter papers, about 25 sheets, is securely held together at 
the periphery with a metal or plastic paper clip, photographie print holder, or a 
spring-tvpe clothespin. After being immersed in the benzaldehyde stock solu- 
tion, the papers are hung up to dry. The drying ean be hastened by using an 
infrared lamp or a photographie drver. When the papers are wet, they must 
he handled by the clip, for contact with the skin causes vellow discoloration ot 
the papers. When dry, they may be handled with the dry hands, cut to size 
suitable for storing either in boxes, bottles, or envelopes. 

When plain or the pink-red tinted procaine solution comes into contact with 
the benzaldehyde test paper, a vivid yellow color is formed (Fig. 6). 

We thought that the paper tops which are commonly used to cap small 
Hasks of procaine might serve well as a test surface. Since autoclaving causes 
partial disintegration of the benzaldehyde solution, the resulting color reaction 
is delaved and of low intensity. After the procaine has been autoclaved and 
allowed to cool, the paper caps can then be painted with a 5 per cent alcoholic 
solution of benzaldehyde, which is made in the following way: 2.5 Gm. of 
benzaldehyde are dissolved in 50 ¢.¢. of 95 per cent alcohol to which there has 
been added previously 1 ¢.¢. of concentrated sulfurie acid. This aleoholie solu- 
tion is excellent for painting caps for it wets the paper more readily than the 
aqueous solution. It also carries a greater concentration of the benzaldehyde, 
and dries more quickly. Paper caps thus painted act well as a test paper. This 
aleoholic solution can also be used to paint the etched circular surface on the 
side of flasks. A few drops of procaine, plain or tinted, squirted against this 
area will produce the characteristic vellow color, Adhesive tape cannot be wet 
sufficiently well to act as a testing surface. 


IDENTIFICATION OF ALCOHOL 


Aleohol will produce necrosis and slough if injected into the skin or sub- 
cutaneous tissues (Figs. 2, B and 4, 4). The possibility of injecting alechol 
in error is ever-present, since the fluid is used frequently not only on the clean-up 
tray, but also on the instrument stand at the beginning of and during the opera- 
tion. Tf an aleohol-moistened sponge is used in an operative wound, coagulation 
of the surface proteins and death of cells occur. While physicians may be re- 
luectant to admit openly mistakes and failures, amazing stories are sometimes 
related in privacy. The following episode may better illustrate this point. 

A young woman, the mother of several children, was advised to have a dilatation and 
curettage, because of menstrual abnormalities. Having been admitted to the hospital the 
day prior to the scheduled operation, she was taken to the operating room early the following 
morning, The surgeon was late in arriving, and in order to save time, he instructed the 
house ofticer assistant to proceed with the spinal anesthetic while he scrubbed. Satisfactory 
anesthesia was obtained and the operation was seon completed. When recovery of motor 
function and sensation in the legs had not returned in twenty-four hours, the dressing was 


removed from the patient’s back, The tissues surrounding the point of puncture were 
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via Wide zone of erythema. A large sloughing wound 


gray-green in color and surrounded | 


developed, and the paraplegia remained. Whether the necrotizing solution, injected in error, 


Was aleohol or some other sclerosing agent, was not known. 


By this unfortunate but avoidable accident four eareers were profoundly 
affected—those of the patient, the operating surgeon, the house officer assistant 
who injected the solution, and the attending nurse who filled the syringes. Who 
was to blame? It would appear that this catastrophe could have been avoided 
had the safeguards deseribed here been observed. We have wondered whether 
or not other instances of paraplegia following spinal anesthesia might also have 
heen due to the injection of aleohol or some other antiseptic or cleansing agent. 

Alcohol can be tinted a fluorescent green in the following way. A 1 per 
cent aqueous solution of sodium fluorescein is prepared; 100 ¢.¢. of this con- 
centrate added to 100 gallons of aleohol will produce a yellow-green fluorescent 
solution. However, we prefer a profound green, and this color may be obtained 
by the addition of 50 ¢.¢. of a 5 per cent alcoholic solution of brilliant green. 
This amount of the dye in aleohol will not stain the skin. The faint green tint 
in linen will readily wash out since the dye is water soluble. This same dye is 
used by some manufacturers to tint cosmetic preparations such as hair tonic 
and after-shaving lotions (Fig. 5). Employed extensively at the Duke Hospital 
and the Johns Hopkins Hospital for some years, the dve has caused no observed 


cases of sensitivity. 
IDENTIFICATION OF BORIC ACID SOLUTION 


Despite the widespread use of borie acid, poisoning resulting from its use 
is relatively uncommon. Toxie manifestations arise usually from application 
of the drug to large areas of high absorbing power, as may occur in the wet 
dressing of burns,’ irrigation of large cavities,* ingestion,” or accidental admin- 
istration by injection as reported by Peyton and Green.'’ In their patient, a 
hypodermoelysis of normal saline solution was ordered, but in error, the patient 
received 700 ¢.c. of 4 per cent borie acid solution, which represented an intake 
of 28 Gm. of boric acid. The diffuse rash which developed was followed by 
desquamation. There was marked abdominal distention, nausea, vomiting, and 
intractable abdominal pain. There occurred a period of disorientation and con- 
fusion due to impaired renal function. Subsequently the blood and urine chem- 
istry returned gradually to normal with improvement in the patient’s general 
condition. The patient developed a colon bacillus pyelonephritis despite con- 
tinuous excretion of relatively large amounts of borate in the urine. This may 
be a commentary on the effectiveness of borie acid as an antiseptic. 

The error just described could have occurred in the pharmacy or central 
supply room when the original solution was made. What seems more likely, how- 
ever, is that an innocent house officer in his haste to administer urgently needed 


fluids, selected the wrong bottle, without carefully reading the label. Since 


borie acid is colorless and similar in appearance to glucose and saline solutions, 
a dye should be added to safeguard the patient and physician and to prevent 


a repetition of these accidents. This may be accomplished in the following way. 
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A concentrate may be made by adding & Gm. of amaranth and 2 Gm. ot 
brilliant blue to 1 liter of distilled water. A volume of 10 ¢.c¢. of this concentrate 
is added to each 20 gallons of 4 per cent boric acid. The solution is then filtered. 
The resulting tinted solution of boric acid is a vivid lavender, which is readily 
distinguishable from all other solutions comonly used in the hospital. The color 


is heat- and light-stable, and remains unchanged atter autoclaving. 


PREPARATION AND IDENTIFICATION OF SODIUM LACTATE 


While we know of no instance of fatality resulting from the improper use ot 
sodium lactate solution, an indicator dye is, nevertheless, necessary not only to 
identify the solution, but also to indieate the pH of the solution. Acidie solutions 
of sixth-molar sodium lactate will produce necrosis and slough (Fig. 3, B). 
Accidents with such material can be prevented by preparing the colored lactate 
solution in the following manner. 

An aqueous stock solution of 0.05 per cent phenol red is prepared. This 
indicator dye is vellow at pH 6.8, and pink-violet at pH 8.4. A volume of 6.5 
cc. of the stock solution is added to 4 liters of molar lactate, which, on further 
sixfold dilution to make sixth molar lactate, will become yellow-orange in color. 
The solution is then boiled for several hours over a low flame and 5 per cent 
sodium hydroxide added slowly until the solution changes in color from the 
acidice yellow-orange to the basic pink-violet. If the pink-violet color reverts to 
yellow-orange during autoclaving, an insufficient amount of sodium hy- 
droxide was added to complete the reaction. Only the solution which is violet 
in color, indicative of a basie reaction, should be used. The acidie solution will 


cause necrosis and slough (Fie, 3, B). 


IDENTIFICATION OF ETHER 


Beeause of its volatility and low boiling point, ether will spout from a 
svringe which is held in the hand for several minutes. Sinee it evaporates rap- 
idly, a few drops on the gloved or bare hand disappears quickly, and will pro- 
duce a cooling sensation. In spite of this, however, a syringe filled recently 
and passed rapidly to the surgeon might be injected in error (Fig. 3, A). 

A volume of 0.1 Gm. of p-dimethylaminoazo benzene (butter vellow) added 
to 1 liter of ether will color the solution a brilliant vellow (Fig. 5). This com- 
pound is also soluble in aleohol, but is insoluble in water. 


IDENTIFICATION OF MERCURY BICHLORIDE 


The Pharmacopeia of the United States states!’ that ** poison tablets of mer- 
cury bichloride must be of a distinetive color, not white; they must be of an 


angular or irregular shape, not discoid This directive was issued to make 
mistakes less liable. Among the popular shapes used by manufacturers are 
oblong, rectangular, coffin-shaped, and triangular. The blue color is due to the 
addition of indigo earmine. 

Mercury bichloride tablets are usually manufactured in 0.5 Gm. weight, 
although a 4 Gm. size can be obtained. One 0.5 Gm. tablet added to 475 ce. 
(one pint) of water will make a ‘‘1 to 1,000 solution.’’ A solution of bichloride 
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Nig. )). 


in this concentration, which is most commonly used, is deep blue in color 


When diluted, however, the color changes from a vivid blue to ‘‘sea green.”’ 
This reaction also occurs when the surgeon washes bloodstainea gloves in it. 
Since bichloride incites a marked local tissue reaction, the gloved hands should 
he either wiped dry or rinsed in physiologic saline solution before re-entering 
a wound. 


DIFFERENTIATION OF COCAINE AND PONTOCAINE 


A saturated solution of potassium permanganate added in approximately 
equal yolumes to cocaine, pontocaine, and procaine will form a brilliant violet 
crystalline precipitate with cocaine, while a dirty, muddy solution will result 
with pontocaine and procaine. Proeaine ean be distinguished from pontocaine 
by the use of the procaine test papers described in the preceding pages of this 
article. 

SUMMARY 

Despite its simplicity, accidents resulting from the administration of local 
anesthetic agents and parenteral fluids have undoubtedly been more numerous 
than one would be led to believe from the few isolated cases which have been 
reported. While this may be construed as indicative of the infrequeney of 
such accidents, nevertheless, it is more likely due to a failure to publish them. 
Physicians are always eager to report successes, but are equally reluctant to 
record failures or mistakes. 

We believe that more accidents and reactions occur as the result of injee- 
tion of the wrong solution, or one improperly prepared, than those due to sensi- 
tivity to the agent. When a physician has had the misfortune of administering 
the wrong solution, and a severe reaction has ensued, he is of the opinion, and 
perhaps rightly so, that he would be blamed for the accident, and so it has 
seemed to him that no good purpose would be served by reporting it. Thereby, 
the custom has grown up of not recording these accidents, although a service 
might have been rendered by repeatedly calling to the attention of the medical 
profession the possibility of mistakes, and emphasizing the need for safeguards 
in an effort to prevent them. It was with this idea in mind that the present 
study was undertaken, since we were unable to find reference in the medical 
literature to any work on this problem, Discussion may stimulate further in- 
vestigation which may lead to better prophylaxis. 

The migration of student and graduate nurses through the various operating 
rooms has enhaneed the possibility of the surgeon’s being given a syringe con- 
taining the wrong colorless solution. Substitution accidents may occur in sev- 
eral ways. The error may have been made in the pharmacy where either the 
wrong or an improper solution was made, or the final package was improperly 
or incompletely labeled and identified. Of more frequent occurrence, in our 
opinion, is the error made by the nurse, the house officer, or the surgeon himself, 
who having several colorless solutions, sueh as alcohol, ether, procaine, saline, 
ete., on the instrument tray, may draw into the syringe the wrong solution for 
injection. While this error may seldom occur, when it does the result may be a 
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very distressing one. The tinted solutions and the procaine test papers are added 
safeguards for the surgeon, who is responsible for his patient and liable if an ae- 
cident occurs. 

The tinted solutions and the procaine test paper here deseribed have been 
used for more than two vears at the Duke Hospital without deleterious effect. 


CONCLUSIONS 


1. A procaine test paper is presented whieh will identify and distinguish 
procaine from other substances commonly used in the operating room. 

2. Procaine is tinted pink-red by the addition of ponceau S X, which will 
neither tattoo the skin nor stain linen. Of greatest importance to the surgeon, 
this vivid color is readily apparent in the svringe at the beginning of and during 
the injection. 

3. Alcohol is tinted green by the addition of fluorescein and potassium 
carbonate. 

4. Ether is tinted vellow by the addition of p-dimethylaminoazo benzene 
(butter vellow ). 

». Borie acid is tinted lavender by the addition of amaranth and brilliant 
blue. 

6. Methods of preparing sodium lactate and mereury bichloride are pre- 
sented, 


The authors are grateful to Mr. Thomas Reamer, Pharmacist of Duke Hospital, and to 
Mr. Alex Ogrinz, Pharmacist of the Johns Hopkins Hospital, for their helpful suggestions. 
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ANKYLOSIS OF THE TEMPOROMANDIBULAR JOINT 


Karu. C, Papcerr, M.D..t Davin W. Roprxnsox, M.D... AND 
KATHRYN IL. STEPHENSON, M.D.. Kansas City, KAN. 


(From the Department of Plastic Surgery of the University of Kansas Medical School ) 


RGANIC fixation of the jaw is most commonly due to bony ankylosis of the 

temporomandibular joint, infection and trauma being the common. pre- 
disposing causes. Extra-articular fibrosis does not occur as frequently as bony 
union but accounts for about one-third of all cases. When fixation develops 
in childhood, the deformity is more severe as development of the mandible, 
face, and teeth is interfered with as well as veneral development due to faulty 
nutrition and speech. Wide resection of the condylar head and neck gives the 
best permanent results in cases of true ankylosis. Muscle fibrosis and trismus 
as in pseudo-ankylosis may be overcome by stretching, but with marked fibrosis 
and searring the addition of soft tissues and oral lining may be necessary to 
vive adequate opening. 

Since Humphry, in 1854, reported the first successful operation for anky- 
losis of the temporomandibular joint, there have been many reports of a few 
cases but only a few surgeons have had sufficient numbers of this deformity to 
analyze their results with statistical meaning. The largest series were those of 
Dufourmentel and Dareissac’ with 100 cases, Kazanjian'? with 838, and Blair 
with 16. As the disease entity is rare enough to justify many one-case reports 
and as the literature contains only about 312 such cases (212 in 1936 according 

oO» 


to Loop’), our consideration of 22 cases seems warranted. 


ETIOLOGY 


Most common amone the causes of ankylosis have been reported infection 
and trauma. As many authors have discussed intra- and extra-articular pathol- 
ogy together, Dufourmentel and Darecissac’s discussion of the etiology of bony 
ankylosis alone gives the best analysis for that type. In their 100 cases, the 
eause was listed as unknown in 29, due to trauma in 25, due to obstetrical for- 
eeps injury in 5, and accounted for by infection in the remaining 41. Of this 
largest group, infection, 10 were due to gonorrheal arthritis, 9 to infection of 
dental origin, 8 to otitis media, 5 to arthritis with measles, 3 to arthritis with 
scarlet fever, 2 each to arthritis with diphtheria and with typhoid fever, and 1 
each to tuberculosis and to mycosis. In most of the large group of unknown 
‘auses, a history of difficult labor was obtainable and trauma was thought but 
not proved to be the cause. Many of this group were considered normal babies 
until the ages of 12 to 18 months when, as solid foods were introduced into the 
diet, progressive difficulty in opening the mouth was noticed. In the definitely 
known trauma group of 25, a falling in of the external auditory canal was noted 
in each ease. Dufourmentel and Darcissae stated that if the articular surfaces 
of the joint had not been broken there was no ankylosis. Aecording to Bellinger,* 


Read at the meeting of the Society of University Surgeons, New Orleans, La., Jan. 29-31, 
1948. 


+Deceased. This paper was in preparation at the time of Dr. Padgett’s death 
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a crushing type of fracture more commoniy results in ankylosis than a simple 
fracture through the condylar neek. 

A few cases, such as the one of Burket® and those of Gladstone ( Wakeley'” 
have been recorded wherein bony union was present at birth. As the earlier 
the onset the greater the deformity, these are of particular interest from the 
therapeutic standpoint. Our Case 5 was such a problem. 

In adult life trauma is the most frequent cause of bony union as Blair 
has pointed out. In this age period relatively more of the extra-articular anky- 
loses occur. Fibrosis of the masseter or internal pterygoid muscle due to infee- 
tion, as in osteomyelitis, actinomycosis, or noma, or due to external trauma as 
with war wounds or like trauma, will produce inability to open the jaws even 
to the extent of simulating true ankylosis. The same result is obtained with 
irradiation fibrosis, carcinomatous invasion of these muscles, or the ciceatrization 
of the skin of the face or mucous membrane of the cheek following thermal or 
chemical burns. Wounds produced by war missiles have caused bony union 
and considerable fibrosis of the soft tissues, complicating the pieture. —Pro- 
longed muscle spasm and disuse atrophy with fibrosis have been reported as 
causes of pseudo-anky losis. 


PATHOLOGY 


A solid bloek of bone quite hypertrophic is usually found at operation for 
true ankylosis. This mass often obscures the nermal landmarks so that the 
condylar head, glenoid fossa, articular eminenee, and anterior wall of the 
external auditory canal cannot be distinguished. Not infrequently this bony 
mass obliterates the sigmoid notch to the coronoid process which may be fused 
laterally to the zygomatic area and medially to the maxillary tuberosity. Over- 
growth of this kind, which is more common in children, especially in the re- 
current cases where osteogenic activity is great,’ Invites the danger of entering 
the middle cranial fossa or the ear canal. 

In early cases fibrous bands alone may be found obliterating the joint 
spaces. Rarely is the dise identifiable. Ossification takes place rapidly as can 
be seen in watching reeurrences develop after operation. 

In children, retardation of mandibular growth results from disuse and. in- 
terference with the ossification center in the condylar head. The vounger the 
child at the onset, the greater is the deformity. The ramus and body of the 
mandible on the affected side are small, causing the chin to retrude, and more 
nearly normal growth from the opposite side produces a lopsided facial defect 
with an elongated flattened normal side and a fuller but shorter involved side. 
Due to disuse and improper relationships, severe caries and maloeclusion with 
deviation and overbite develop. 

Occasionally limitation of Opening is present with abnormal development 
of the econdylar head without true or false ankylosis as in Case 12. Usually here 
the head is large but the neck, ramus, and body are short and underdeveloped. 
The large head is unable to ride over the eminentia articularis so that opening 
stops after 1 to 2 em. Always there is a markedly receding chin in these cases 


and deviation to the affected side if the pathology is unilateral. 
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DIAGNOSIS 


With the marked recession of the chin and deviation of the jaw toward the 
affected side the diagnosis is easy in long-standing cases of unilateral involve- 
ment since childhood. The most obvious deformity is on the normal side, which 
is misleading to the uninformed observer. There may be as much as 5 mm. of 
opening between the incisors but usually less. Occlusion is poor with all the 
teeth on the unaffected side in improper relationship with the opposing maxillary 
dentition, deviating toward the affected side. There is a marked tendency to- 
ward an overbite with the mandibular development. The preangular notch is 
deepened on the affected side* and atrophy of the masseter is more definite on 
the side of the ankylosis. Caries are common in cases of long standing. 

Attempted active movement and foreetul manipulation may help establish 
the differentiation as to the side involved in adults. Some forward motion can 
be seen and felt when the patient tries to open the jaws but the movement is 
only on the normal side, the ankylosed side remaining fixed. Bilateral ankylosis 
allows no motion at all. If forceful opening produces pain at a certain point, 
a false ankylosis is more likely present.4. True ankylosis gives no pain with this 
procedure. Fibrous bands and sears may be obvious but if the pathology is 
chiefly inside the mouth in the bueccinator or internal pterygoid regions, forceful 
opening under anesthesia will likely be necessary to determine their presence. 
This was true in two of our recent cases (not reported here) with carcinomatous 
invasion of the internal ptervgoid muscle from an alveolar margin epithelioma. 
Following severe facial injuries* there may be a bony union on one side and a 
fibrous ankylosis on the other, obscuring the diagnosis. 

X-ray examination is helpful but not so diagnostic as the clinical signs. 
In early cases and in those with pseudo-ankyloses, little or nothing can be learned 
from the roentgen picture. The earliest changes seen are simply indefinite out- 
lines of the condylar head and elenoid cavity. Both sides must always be taken 
for comparison but difficulty in interpretation always comes up because of this 
indistinetness. The technique of obtaining sharp outlines of the normal joint is 
not easy. Slight errors in positioning for the picture will superimpose shadows 
of over- or underlying structures on the joint outlines. Even after careful 
study of films with the roentgenologist the reported wrong side has been oper- 
ated upon first by some. This error occurs more often in adults whose ankylosis 
has come on after maturity, the signs of the side involvement being less obvious 
without growth changes. Advanced cases, as in Case 11, show massive hyper- 
trophy of bone obliterating the sigmoid notch. The largest bony overgrowths 
are seen in children with recurrent ankylosis following operation. 


TREATMENT OF TRUE ANKYLOSIS 


Restoration of function is the first consideration of treatment, cosmetic 
improvement being secondary. In most cases of bony ankylosis wide reaction 
of the condylar neck and adjacent portion of the ramus will produce adequate 
motion of the lower jaw. Most of the recurrences have occurred because the 


bony gap was not made wide enough. The interposition of various substances 
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between the eut bone ends has been the subject of debate but adequate resection 
is the requisite of success. 

Exposure of the joint is difficult because of its depth and because of the 
vascularity of the region. A slightly curved incision 3 em. long and 1 em. in 
front of the tragus is adequate. It should start in the hair just in front of 
the helix and curve downward and backward (Bair). A T incision with the 
horizontal run over the zygomatic process of the temporal bone is favored by 
some surgeons (Wakeley'’). The skin flap is retracted anteriorly only a short 
distance to avoid the upper branches of the facial nerve, and the auriculotem- 
poral nerve and superficial temporal artery are avoided posteriorly. After the 
wound is deepened to the condylar neck, which is bared by a periosteal elevator, 
with a chisel the neck is cut through, avoiding the internal maxillary artery 
which lies just beneath and which if cut will bleed, obscuring the field. Suetion 
through a small tip will aid dissection by better vision. If the artery is eut, 
a pack will usually be sufficient to stop the bleeding. The bone may also be 
cut through by a Gigh saw (Wakeley'’), a self-stopping skull drill (Henry??), 
or up biting Kerison rongeurs. The upper portion of the bony mass is avoided 
as there are no landmarks and the middle cranial fossa could easily be opened. 
With rongeur and chisel the bone should be cut through well down on the ramus 
(see Fig. 1) so that at least 1.5 em. or, better, a 2 em. gap results. A drain or 
pack inserted for bleeding should be removed in twenty-four to forty-eight hours. 

Much has been written to the effect that the interposition of some substance 
is necessary to prevent re-ankylosis. Autogenous tissues such as cartilage, mus- 
cle, or fascia have been used frequently as well as foreign materials, chiefly 
inert metals. Good results have followed cartilage insertion (Blair®), Dufour- 
mentel, and Dareissac’ but it is not unlikely, as Blair pointed out, that the 
cartilage best served to fill up the dead space after adequate resection which 
chiefly was responsible for the lasting result. Temporal fascia as advocated by 
Wakeley'? and Henry" or fascia lata as used by Kazanjian'? have been utilized 
with apparent good results but the fascia has been shown in some cases to be 
absorbed or worn through quickly. Foreign materials such as the tantalum 


foil used by Eggers’? may give the desired result but might also set up irrita- 
tion, invite infection, and be extruded. We placed a tantalum cup over the sec- 
tioned condylar neck and have, to date, after one and one-half years, a well- 
functioning jaw. 

When the coronoid process is Involved in the ankylosis, it must be sectioned 
as must any attachment of the ramus to the zygomatic arch or the maxillary 
tuberosity. Brown and associates? pointed out that the temporal muscle should 
be freed completely from the coronoid process before it is severed. If there is a 
large bony mass producing solid union involving the coronoid process, the sig- 
moid noteh, and the condyvlar head and neck, it is easier and less formidable 
to perform the operation of Risdon,'* that of cutting across the ramus to pro- 
duce a gap anda false joint. This procedure was done in our Cases 10, 11, and 
15 with good results. 

Surprisingly, after removal of the condylar head and neck and portion of 
the ramus, open bite does not occur as would be expected. After such a resee- 
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tion it would seem logical for the molars to hit first on closure of the jaws and 
the incisors to hit later or not at all, but no sueh fulerum action results. 
Early and continued motion after operation, contrary to the opinion of 
Allison and Brooks,' is beneficial although some men, Kazanjian'? and Eggers!’ 
advocated rest for one week postoperatively. We agree with Campbell® that 
motion should begin at once with the jaws opened to their full excursion daily. 
Opening is relatively painless and the patient is delighted from the first day 
to find that jaws so long fixed can be opened. Mechanical aids such as Dar- 
cissac’s automobilizer and others are unnecessary following surgery for true 
ankylosis. Everyone is agreed that frequent active exercises are of value; 


full opening daily and frequent gum chewing will give the necessary exercise. 





Fig. 1.—The amount of the condylar neck excised for ankylosis frequently exceeds that shown 
in the diagram. 

There will be a certain percentage of recurrences, especially in the younger 
age group. Dufourmentel and Darcissac® in 100 cases had perfect cures in 67, 
wherein there was an opening of 1 to 8 em., but 9 of their patients needed 
reoperation because the resultant opening was less than 1 em. After one re- 
currence the prognosis is worse for a good result from the next condylar re- 
moval and the massive recurrent overgrowth in children may make a ramus 
or body resection necessary instead of further surgery in the joint region. 


Dufourmentel and Darcissac implanted cartilage after resection in thirty-three 
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cases. with only two recurrences, both times when the cartilage had become 
infected and was lost. Recurrence of ankylosis, when it occurs, will be evident 


by the end of six months after operation. 
TREATMENT OF FALSE ANKYLOSIS 


The treatment of extra-articular fixation presents a more difficult) prob- 
lem. The binding sears or muscle fibrosis must be overcome. | Stretching has 
been frequently attempted and many ingenious dilators which are helpful in 
some cases have been devised. Frequent forceful openings under anesthesia may 
he indicated, the jaws being kept open by wiring between the molars a wooden 
block which is left in place two to six weeks. This has been our method of 
choice. The insertion between the teeth of rubber corks of increasing sizes may 
he helpful. Bereer? used a serew wedee and Childrey' advocated several devices 
including hard rubber serews, clothespins, and mechanical dilators. Foreeful 
manipulation in early true ankylosis should not be done as it will likely speed 
the formation of bone. 

When repeated forceful openings have failed, surgery is indicated. The 
scars and muscle fibrosis which inhibit opening of the jaws must be cut across 
or excised and the defect covered by new tissue. Binding sears of the cheeks 
externally can be removed and the surface defect easily covered by a skin graft. 
If the defect is large and a more filled-out contour desirable, soft tissue may 
be added by flaps from the neck, chest, or upper arm. Flaps are better than 
skin grafts if much of the masseter must be removed. For the loss of bueeal 
mucosa with contracture, a satisfactory coverage, as was used in some of Blair’s 
cases, Is a new lining of split-skin grafts by the Esser inlay method. These 
skin grafts should be 50 per cent larger than expected to allow for the subse- 
quent contracture. The results in the extra-articular eases will usually be less 


dramatie than in true ankyloses 


COSMETIC CONSIDERATIONS 


After restoration of motion of the jaws, cosmetic considerations are in- 
dicated for the deviated face and receding chin. Large cartilage implants from 
the costal margin inserted alongside the body of the mandible and in front of 
the chin from below give the best results. Blair’ has shifted the jaw around 
after condylar resection and wired the teeth in better occlusion with considerable 
improvement. WKazajian has eut the manrfdible in an oblique or L-shaped 
section through the ramus and body and, after sliding the affected side ante- 
riorly, fixed the teeth in a better occlusive relationship. It would seem logical 
that slidine operations of this type requiring long fixation not be attempted 
for several months because of the chance of recurrence of the ankylosis. 

CASE REPORTS 
Analysis of Cases 

Of our 22 cases, 16 were true ankyloses, 5 were false due to extra-articular 
fibrosis, and 1 was caused by a developmental abnormality of the jaw. In 2 of 
the bony unions the coronoid was also involved. Late follow-ups were adequate 


in 16 of the 22 cases, but 6 were untraceable. Many of our patients were service 
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C. 


Fig. 2 (Case 11). 1, Preoperative opening of the jaw; B, postoperative opening, first 


operation; C, X-ray preoperative, first operation, showing vaguc outlines of the joint with 
early ankylosis. 
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eases Whose follow-up was dependent upon letters from local county health officers 
from over the state. 

An analysis of the causes revealed that 11 of the 16 true ankyloses were 
due to infection, + to trauma, 1 to unknown etiology, and 1 was present at 
birth. Infection in the joint followed mastoiditis in 3 patients, multiple sup- 
purative arthritis in 2, parotid abscess in 2, and osteomyelitis, ervsipelas, actino- 
mycosis, and infection of unknown cause in 1 each. In the five pseudo-anky loses, 
irradiation fibrosis was the cause in 2 cases and actinomycosis, nonspecific infec- 
tion, and an unknown cause accounted for the other 3. In 6 patients of both 
types, true and false, a dental extraction immediately preceded the acute process. 
Mandibular maldevelopment was present in all patients when ankylosis had 
begun under 15 vears of age. 

The results of treatment were fair but not remarkable. Manipulations 
previously attempted on patients before they were referred to us were useless 
and seemed to have increased the ankylosis. Condylar resection was performed 18 
times in the 17 cases of true ankylosis with failures 6 times, one patient havine 
two recurrences. Ramus resections after Risdon gave good function in each of 
the 3 patients upon whom it was performed. These three were among the five 
recurrences. 

In regard to filling the space, cartilage was inserted in the gap left by 
the resection 3 times with 1 recurrence. Fascia was inserted 4 times with 3 re- 
currences. A tantalum cup over one of the cut bone ends was placed in only 
1 patient who had no recurrence. Nothing was inserted in 10 cases with 1 re- 
eurrence in which a pseudo-ankylosis was probably also existent. There was 1 
operative death in the series. 

In the false ankyloses, stretching was attended with success in 2. patients. 
The addition of more tissue after cutting out the sears was performed in 2 
patients with success. 


In Table I are analyzed the 22 cases, as to etiology, pathology, and treat- 


ment. 
Illustrative Case 
CASE 11 (No. 143SB, Kk. C. Gen. Hosp.).--G. T., a 6-vear-old white girl, had not been 
able to open her mouth more than % inch for 24% years following a left mastoidectomy. 
She had been admitted six times previously on other services. X-ray examination 


showed some narrowing of the left temporomandibular joint with an angular distorted condyle. 
On Nov. 24, 1939, the joint was explored and the condylar neck cut across widely with a 
rongeur, the head of the condyle being ankylosed to the articular fossa. A flap of temporal 
fascia was turned down between the cut bones. A pack inserted for bleeding was removed 
in three days. Five days after operation the patient could open her mouth one inch and on 
December 13 she was dismissed with good function, 

The fixation of the jaws recurred again within a few months but nothing was done 
until by considerable effort we traced her and urged that she return for more surgery. She 


was admitted to the University of Kansas Hospitals on Nov. 15, 1946, and was operated 


upon the next day. X-ray examination at this time showed a large thick bony mass 
involving the entire condyloid region and extending to the coronoid process, \ Risdon oper 


ation was performed, sectioning the ramus with a gigli saw near the angle and the 
ei 


masseter and internal pterygoid muscles were suture ogether between the bony gap. 


The jaws were held widely open for one week Hy means of a bite block. When last seen 
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in the office on Aug. 15, 1947, she had an opening of 3 em. and excellent function. Later 


cosmetic surgery will be necessary. 


SUMMARY 


1. Temporomandibular ankylosis is relatively uncommon, warranting the 
report and analysis of twenty-two cases. 

2. True bony ankylosis is most frequently caused by infection of trauma; 
pseudo-ankylosis results from soft tissue fibrosis chiefly following burns, wounds, 
infection, or irradiation. 

3. Pathology found at the time of surgery in early cases of true ankylosis 
is most often an intra-articular fibrosis but in more advanced stages a massive 
hony hypertrophy is present obliterating the normal landmarks. 

4. Diagnosis is obvious in late cases wherein the pathologie changes ¢om- 
meneed during childhood but is difficult as to the side of involvement in adults 
with a relatively short history of limitation of movement of the jaws. 

5. Clinieal signs are often better diagnostic aids than the roentgen exam- 
ination whieh is difficult in technique and in interpretation. 

6. Treatment of bony ankylosis is essentially wide resection of the condylar 
neck with removal of a portion of the condylar head and the ramus if neces- 
sary to produce a wide bony gap. 

7. The insertion of cartilage, fascia, or inert substances to fill the gap for 
the purpose of preventing recurrence is of secondary and minor importance. 

8. Massive overgrowth of bone, especially in recurrences after resection, 
is best treated by cross-sectioning the ramus and interposing muscle between the 
bone ends to create a false joint. 

9. The treatment of pseudo-ankyvlosis is directed toward overcoming: the 
soft tissue fibrosis. If early, repeated stretching may be efficacious but, if late 
and this usually is the case, excision of fibrous bands, sears, or muscle is neces- 
sary with coverage by skin grafts or flaps. 

10. Cosmetic improvement is secondary to function. The deviated ehin 
and jaw line can be improved by implants of cartilage or by lengthening the 
short side of the mandible. 

11. The twenty-two cases reported are analyzed as to etiology, pathology, 
and treatment (see Table I). 
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SUPPURATIVE FASCIITIS AS THE ESSENTIAL FEATURE_OF 
HEMOLYTIC STREPTOCOCCUS GANGRENE 


With Notes on FASCIOTOMY AND EARLY WouNbD CLOSURE AS THI 
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(From the Suraical Service of Tulane University Medical School at the Charity Hospital) 


HE term ‘‘neerotizing erysipelas’> was introduced by Pfanner' in 1918 te 
| eee a specific infection due to beta hemolytic streptococci and charac- 
terized by subcutaneous necrosis and secondary cutaneous gangrene, Karly 
surgical incision **to the limits of the subcutaneous necrosis’ > were demonstrated 
to be effective in the control of the spreading infection. Meleney,? on the basis 
of his experience with twenty patients in China, confirmed the wisdom of early 
surgical incisions, but concluded that subcutaneous necrosis was the essential 
feature of the disease whereas ervsipelas was an irregular coincidence. It is 
for this reason that the infection has been designated as hemolytic strepto- 
coccus gangrene rather than gangrenous, or necrotizing, erysipelas. 

The clinieal picture of the disease is well known.’ It most commonly af- 
fects the extremities. In the foot and lower leg it usually represents a secondary 
infection of ulceration due to epidermoplhytosis. Elsewhere it may follow a 
minor injury, pinpriek, or hypodermie injection. Occasionally the infection 
is blood-borne to an area of contusion or hematoma. There is a sudden onset 
of pain and swelling with or without a chill. Within twenty-four hours there 
is a considerable phlegmon with marked ervthema or frank erysipelas. Pros- 
tration is severe and the pulse is rapid out of proportion to the fever. Pain 
may be replaced by numbness. The pathognomonie sign of the disease has been 
deseribed as a **dusky hue of the skin with or without blisters or bullae and 
usually appearing on the third, fourth or fifth dav’ of the infection. Before 
potent antistreptococeal therapy was available, multiple incisions of the bear- 
scrateh type were lifesaving. The wounds were then Dakinized and the con- 
siderable defects pinch-grafted six to eight weeks later.” 

It is the purpose of this report to present certain modifications in our under- 
standing of this disease in consequence of experience with penicillin-treated in- 
feetions. In the observations on fulmination cases, Meleney’s attention was 
directed to the subeutaneous fat as the site of maximal vulnerability. He was 
unable to validate this concept in a study of bacterial lipase formation by the 
etiologic organisms? and ultimately came to the conelusion that the disease 
Was an anaphylactic phenomenon of the Shwartzman or Arthus type.*. In our 

Read at the meeting of the Society of University Surgeons, New Orleans, La., Jan. 29-31, 
1948, 

*Assistant in Surgery, Tulane University Medical School and Third-Year Resident in 
Surgery, Charity Hospital. 


+Associate Professor of Surgery, Tulane University Medical Schoo) and Visiting Surgeon, 
Charity Hospital. 
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studies of penicillin-treated infections the subeutaneous necrosis has been limited 
quite clearly to a suppurative fasciitis. An adequate explanation of the special 
vulnerability of collagenous tissues is provided by the demonstration of the 
activation of a highly proteolytic serum lyvsin factor by streptococcal fibrino- 
Ivsin.” Hence, it is our belief that hemolytic streptococcus gangrene Is an eXx- 
tensive cellulitis which, even under modern therapy, is frequently complicated by 
abscesses of the fascial planes.' 

Recognition of suppurative fasciitis as the essential feature of hemolytic 
streptococcus gangrene has simplified clinical management. The diagnosis and 
surgical incision should not be deferred for the appearance of the older 
pathognomonie sign of impending cutaneous gangrene. Recognition of per- 
sistent edema along a fascial plane in an infection otherwise subsiding under 
antistreptococeal therapy is indicative of a fascial plane abscess. Such abscesses 
have not subsided under continued drug therapy alone and, indeed, a few in- 
fections have recurred when minor edema has been disregarded and treatment 
stopped. 


The bear-serateh type of incision has been discarded in favor of planned 


fasclotomy incisions designed to expose the entire length of the fascial plane 
abscess. We have tried to avoid these long incisions by intensifving drug ther- 
apy and merely establishing dependent drainage. In such instances, especially 
in the upper extremity, there has usually been progressive fascial slough. The 
most effective method of avoiding lone incisions is early recognition of fascial 
plane edema and prompt surgical intervention. After drainage a fine mesh 
eauze is introduced into the wound and the extremity immobilized by a gentle 
pressure dressing. 

Karly secondary closure of these frequently considerable defects has proved 
practical and desirable. After fasciotomy, the first dressine should be done in 
the operating room with facilities at hand for suturing the wound. It is im- 
portant to allow three to five days to elapse after drainage in order that gross in- 
spection of the wound may evaluate the adequacy of the initial drainage. Fur- 
ther, the wound should be closed before ten days have elapsed and fibrous tissue 
fixation prevents adequate tissue mobility. We have not hesitated to draii 
residual abscess pockets and ¢lose clean portions of the wound at the same sitting. 
Penicillin and/or sulfonamides have been continued throughout the period of 
surgical management. 


CASE REPORTS 


Case 1 (C. H. No. 146-242-602 ).—T. H., a white policeman, aged 60 vears, was admitted 
Nov. 12, 1946. Thirty-four days previously the patient had lacerated the left wrist with a 
pocketknife. Pain, swelling, and erythema were noted within twenty-four hours. ‘* Black 


blisters’? appeared on the third day and the patient was irrational but afebrile. The area 
Was incised, penicillin was administered for seven days, and he was discharged from the 
local hospital with a persistently draiming arm. 

Four days prior to admission to Charity Hospital, the arm became swollen again and 
Was again incised with subsequent exacerbation of infection, The patient was a known dia 
betic requiring 40 units of protamine zine insulin daily and had lost twenty pounds during 
the present illness. 

On admission the patient did not appear acutely ill. The left upper extremity appeared 


as shown in Fig. 1. Penicillin was given as 50,000 units every three hours intramuscularly 
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and surgical incision of the fascial plane abscesses was performed seventeen hours after entry. 
Wound cultures revealed beta hemolytic streptococci, salmonella, and staphylococcus pyogenes. 
Blood cultures were negative. The course can be summarized as follows: Nov. 12, 1946, 
admitted; Noy. 13, fasciotomies; Noy, 20, secondary fasciotomy with excision of devitalized 
tissue; Nov. 25, partial secondary closere; Dec. 2, completion of secondary closure: Dee. 6, 
penicillin stopped, sulfonamides begun (see Fig. 2); Dee, 20, essentially healed, started on 
physiotherapy. By Jan. 17, 1947, the wounds were healed, with full range of motion (Figs. 
, 


3 and 4); March 10, the patient Was discharged well from the follow up clinie. He could 


play the fiddle as well as before injury. 





Z ‘~ 
Mics. 1, 2, and ¢. 

CasE 2 (C. H. No, L47-250-668 ).—A. W., a colored washerwoman, aged 50 years, was 

admitted Feb. 4, 1947. Three and one-half weeks prior to admission the patient suffered a 


ecomminuted fracture of the left forearm (radius). Kirschner wires were inserted through 
the olecranon and the proximal phalanx of the thumb to fascilitate alignment. The entire 
upper extremity Was then encased in plaster with the wires left in situ. Two and one-half 
weeks before entry, and one week after fracture, the arm became swollen and painful about 
the olecranon, The cast was partially removed and revealed marked swelling in the region 
of the elbow. The lesion developed progressive cutaneous gangrene and the patient was ad- 
mitted to the Orthopedic Service of the Charity Hospital. She was seen at the Surgical 
Service, where treatment was as follows: Feb. 4, 1947, started on penicillin, 30,000 units 
every three hours intramuscularly and sulfonamides, 1 Gm. every four hours. Feb. 5, ex- 
cision of necrotic skin and subcutaneous tissue (4 by 6 cm.) over lateral aspect of olecranon, 


incision of lateral fascial compartments of upper and lower arm end of medial fascial com- 
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partment of forearm. Feb, 18, secondary closure with split-thickness graft of cutaneous 
defect (3d by 6 em.). Feb, 22, wound healed with viable graft; all sutures removed. Feb. 26, 
discharged te clinic; March 10, fracture solid, physiotherapy started. March 28, 1947, she 


was seen in the clinic with essentially full range of motion. The patient was lost to subse 


quent follow-up. 





CASE 3 (C. H. No. T47-288-290 ).—F. B., a white man, retired, aged 


‘ 


3 vears, was admitted 
Oct. 27, 1947. Two weeks prior to entry the patient became entangled in a barbed wire fence, 
sustaining lacerations of all extremities. These healed with the exception of one laceration on 
the right forearm, which suddenly became swollen, erythematous, and painful. He was a 
known diabetic and was immediately hospitalized elsewhere for penicillin therapy. The arm 
improved considerably and the patient was discharged after one week with minimal residual 
edema over the medial fascial compartment of the forearm. Two days after omission of 
penicillin there was exacerbation of the infection and he entered Charity Hospital. 

On admission the arm was greatly swollen and erythematous and the patient was having 
recurrent attacks of angina pectoris. He seemed prostrated but was not acutely febrile. 
He was started on penicillin, 50,000 units every three hours intramuscularly, and a diabetic 
regimen. Within forty-eight hours the edema disappeared entirely from the upper arm, but 
there was residual induration and edema along the medial aspect of the forearm, Subsequent 
course Was as follows: Oct. 30, 1947, fasciotomy of medial and lateral compartments of fore 
arm; Nov. 7, partial suture of skin defeets; Nov, 15, all wounds dry, daily stellate blocks 


for three days; Dee. 1, discharged healed. 
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Case 4 (C. H. No. L44-129-808).—H. M., a white man, retired, aged 66 years, was ad 
nitted Aug. 19, 1947. This patient developed an acute, erythematous, and painful swelling 
of the left arm and was admitted to another hospital thirteen days prior to entry. He was 
treated with penicillin but developed an area of skin gangrene at the elbow, This began to 
drain pus spontaneously and the patient was transferred to ¢ harity Hospital. He was given 
100,000 units of penicillin at three-hour intervals and a blood transfusion. Eight hours after 
entry he was taken to the operating room. Subsequent course was as follows: Aug. 19, 1947, 


medial and lateral fasciotomies of upper arm and forearm; necrotic tissue was excised ; 


penicillin therapy continued. Aug. 24, secondary suture of lateral fasciotomy incisions and 
further drainage of the antecubital space. Sept. 5, medial fasciotomy incisions sutured; 
| : 


Sept. 19, wounds healing kindly; Oct. 8, all wounds healed except minor area in antecubital 


ved to the clinic, Oct. 22, all wounds were 


fossa not previously sutured. Oct. 7, he was dischar; 


healed and there was complete range of motion 


CONCLUSIONS 


1. As a consequence of experience with penicillin-treated infections, sup- 
purative fasciitis and fascial plane abscesses appear as the essential features 


ot hemolytic streptococcus gangrene. 
2. Residual edema along fascial planes in an otherwise subsiding infeetion 
is an indication for planned fasciotomy and surgical drainage of the fascial plane 


ADSCESS. 
3. Early secondary suture of the tfasciotomy is entirely practical and min- 
imizes deformity 
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Review of Recent Meetings 


MEETING OF THE SOCTETY OF UNIVERSITY SURGEONS 


Harris B. SHumMAcKER, JR., M.D... INDIANAPOLIS, IND. 


Hk ninth annual meeting of the Society of University Surgeons was held 
Orleans, La., Jan. 29, 30, and 31, 1948. Host to the Societv was the Tulane U 
School of Medicine. 


On the first day of the meeting 


following welcoming remarks by Dr. Maxwell 


the following papers were presented by members of the Tulane University School of \ 


Turbidity Test in the Study of Liver Disease Rov Turner. 





End Results in the Treatment of Carcinoma of the Lune Alton Ochsner. 

Acute Pancreatitis—Mims Gage. 

Inauguration of the Bio-physies Program at Tulane University—Joseph ¢. 
Morris. 

Stable Isotopes as Tools for Medical Research—Robert T. Nieset. 

The Significance of Blood Volume Measurements in Disease—H. 8S. Mayerson. 

Some Observations of the Effects of Intravenously Administered Salt Poot 
Albumin—William Parson. 

Surgery Versus Irradiation in Early Carcinoma of the Cervix—Manual 
Garcia, 

Ligation of the Vena Cava for Suppurative Pelvic Thrombophlebitis—Conrad 
G, Collins. 

The Management of Anuria—Thomas Findley. 

Effect of Vasoconstrictors Upon Duration of Anesthesia in Subarachnoid 
Bloeck—John Adriani. 

Lumbar Sympathectomy in <Arteriosclerotic Periphera 
Osent Creech, 7 ip P. Woodall, and Michael KE. DeBakey. 


Some Problems in the Preparation of the Thvyrotoxie Patient—Rawley M. 


Vascular Disease 


Penick, Jr. 

Hvperthvroidisn The Use of Mstrogenie Sterols in Preoperative Prepara 
tion—Ambrose H. Storek, S. Harvey Colvin, Jr, W. C. THeibner, 
and Kathryn I. Stephenson. 

Complications of Ascariasis Requiring Surgery—Leonard Dixon and Ernest 
DeBakey. 

The Role of the Surgeon in the Teaching of Anatomy Harold Cummins. 


Training in Pathology for the Youne Surgeon—Charles FE. Dunlap. 


On the following days of the meeting papers were presented by members of the 





in New 


niversity 


Lapham, 


Tedicine: 


Societ Vv. 


In addition to those: which are published in this issue of the JourNaAL, the following papers 


were presented : 


Resection of the Rectum With Preservation of the Sphincter Ani—Arthur TI. 
Chenoweth, Medical College of Alabama, and William F. Niekel, 
Jr., Cornell Medical College. 

The Surgical Treatment of the Infantile Type of Coarctation of the Aorta 
Julian Johnson, i niversity oft Pennsylvania Medical School. 
Splenorenal Anastomosis— Two Case Reports—William F, Nickel, Jr., Cornell 

Medical College, and (by invitation) Jere W. Lord, Columbia Uni 


versity, College of Physicians and Sureeons 
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\ Physiological Approach to the Local Treatment of Burns Edward LL. 
Howes, Columbia University, College of Physicians and Surgeons. 

Gastroenterostomy and Gastric Resection for Peptic Uleer—End Result 
Study W. A. Cooper, New York Hospital. 

Silent Gallstones—J. V. Goode, Scuthwestern Medical College. 

Perforating Gunshot Wounds of the Chest—P. Guptill, University of 
Rochester School of Medicine. 

The Local Effects of Podophyilin’ on Malignant Tumors—F. E. Kredel, 


Medical College of South Carolina. 


The presidential address by Robert Zollinger at the annual dinner was concerned with 
the important and pressing problems of postwat trends in the training of a general surgeon 

A resolution passed by the Society concerning the untimely death of Elliott C. Cutler 
follows: 


January 30, 1948 


Resolution 
WHEREAS: Since our last meeting we have suffered the loss of a beloved and honored 
member, and inspiring teacher of surgery, Elliott C. Cutler, and 
WHEREAS: The Society of University Surgeons can serve no higher professional and 


moral ideals than those which Dr. Cutler furthered in his own life and work, 


THEREFORE, BE IT RESOLVED: That the Society of University Surgeons hereby formally 


expresses its deepest regret at Dr. Cutler’s death, and hereby rededicates itself to service of 


the cause for which he so effectively labored, 
AND THAT: A copy of this resolution shall be sent to Mrs. Cutler, and a copy published 


together with the proceedings of this session of the Society. 
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From crude curare, Abbott extracts the pure crystalline 
active principle. The result is d-Tubocurarine Chloride. 
To the skilled anesthetist it provides a valuable aid to his 
anesthetic of choice whenever light anesthesia is desirable and 
muscular relaxation essential. d-Tubocurarine Chloride, 
Abbott, is prepared in a water-white solution. Its purity 
permits accurate standardization. It is stable without 
refrigeration. It is particularly adapted for use in conjunc- 
tion with Pentothal Sodium anesthesia. There are a 
minimum number of disadvantages and dangers accom- 
panying the use of this drug when it is given by those 
especially trained in its use, and when facilities for com- 
bating partial to complete respiratory paralysis is immediately 
available. d-Tubocurarine Chloride Solution, Abbott, is 
supplied in 10-ce. vials, each cc. representing 3 mg. of 
d-tubocurarine chloride pentahydrate. Write for complete 
descriptive literature, including precautionary rules to 

be observed. Assott Lasoratories, North Chicago, Illinois. 
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